Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



1 



POCKET COMPANION 



FOR 



ENGINEERS, ARCHITECTS AND 'BUILDERS 



CONTAINING 



USEFUL INFORMATION AND TABLES 



APPERTAINING TO THE USE OP 



: STEEL 



1 • » r 



• • • • . . . * 



* ' ••• 

• • • 






MANUFACTURED BY 



CARNEGIE STEEL COMPANY 



c /> 



PITTSBURGH. PA. 



C0MPL'ri'"\'Tg Of 



J 



Pacific t, .)■;;; . •' 



X" 



f 



Copyright 1913 by 

Carnbqib Steel Compa.nt 

Pittsburgh, Pa. 



••• »•. 



• • • " « 



c • 

Ik • • 



U 



•• • • » 

• • • « • < 



16th Edition, August 1st, 1913 






y 



/ 



(? 3 
/9/5 



THIS, the Sixteenth Edition of the Carnegie Pocket Companion, 
has been rewritten and reset throughout. 

Since 1903, the date of the last edition, there have been many 
changes in the art of bridge and building construction with the 
extension of the use of steel into other lines than those covered by 
that edition. The endeavor in the present publication has been to 
eliminate obsolete forms of construction, to revise the forms retained 
from the last edition so as to make them conformd,ble to present 
standard practice and to incorporate with the matter so retained 
such information on the newer lines of manufacture as would be of 
interest to engineers, architects and builders. 

From the large number of rolled shapes which we manufacture, 
we have selected for illustration in the profiles and tables such as 
are deemed most suitable for use in bridge, building, car and 
ship construction. A complete list of all the sections rolled on 
the Structural, Plate, Bar and Rail Mills of the Carnegie Steel 
Company, together with tables of weights and other data in regard 
to those products, is given in our Shape Book, with its supple- 
ments. 
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CARNEQIE STEEL COMPANY 



AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA.. U. S. A. 

AFFILIATED WITH THE 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 



Fob 



STRUCTURAL STEEL FOR BRIDGES 



Adopted August 16, 1909 



I. MANUFACTURE 

1. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Chemical Composition 



ElRTTienta Considered 


Structural 
Steel 


Rivet 
Steel 


Steel 
Castings * 


f Arid 
Phosphorus, max., per cent.<gj^gj^: ' " ' 

SulDhiir. max Der cent 


0.06 
0.04 
0.05 


0.04 
0.04 
0.04 


0.08 
0.05 
0.05 







3. Ladle Analyses. An analysis shall be made by the manu- 
facturer from a test ingot taken during the pouring of each melt, to 
determine the percentages of carbon, manganese, phosphorus and 
sulphur. A copy of this analysis shall be given to the purchaser 
or his representative. 

4. Check Analyses. A check analysis shall be made from finished 
material representing each melt, if called for by the purchaser, in 
which case an excess of 25 per cent, above the requirements specified 
in Section 5 ehill be allowed. 
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III. PHYSICAL PROPERTIES AND TESTS 

Tension Tests. The steel shall conform to the following 



requirements as to tensile properties: 



Tensile Pbopebties 



Properties Considered 


Structural 
Steel 


Rivet 
Steel 


Steel 
Castings 


Tensile strength.lbs. per sq.in. 

Elongation In 8 inches, min., 
per cent 


Desired 60,000^ 

1,600,000« 
Tens. str. 

22 


Desired 60,000^ 

1.500,000 
Tens. str. 


65,000 min. 


Elongation in 2 inches, min., 
per cent, 


m 

18 



'See Section 7. 



'See Section 8. 



6. Yield Point. The yield point, as determined by the drop of 
the beam of the testing machine, shall be recorded in the test 
reports. 

7. Permissible Variations in Tensile StrenflTth. The tensile strength of 
structural and rivet steel may vary 4,000 pounds per square inch 
from that specified in Section 5. 

8. Modifications in Elongation, (a) For material over ^ inch in 
thickness, a deduction of 1 from the percentage of elongation in 
8 inches specified in Section 5 for structural steel shall be made for 
each increase of }/s inch in thickness above % inch. 

(6) For material under %6 inch in thickness, a deduction of 2.5 
from the percentage of elongation in 8 inches specified in Section 5 
for structural Bteel shall be made for each decrease of ^e inch in 
thickness below %6 inch. 

9. Character of Fracture. All broken tension test spefcimens of 
structural and rivet steel shall show a silky fracture; and of steel 
castings, a silky or fine granular fracture. 

10. Bend Tests, (a) The test specimen for structural steel shall 
bend cold through 180 degrees without fracture on the outside of 
the bent portion, as follows : For material under 1 inch in thickness, 
flat on itself; and for material 1 inch or over in thickness, around 
a pin the diameter of which is equal to twice the thickness of the 
specimen. 

(6) A rivet rod shall bend cold through 180 degrees flat on 
itself without fracture on the outside of the bent portion. When 
nicked and bent around a pin the diameter of which is equal to that 
of the rivet rod, it shall break gradually with a fine, silky, uniform 
fracture. 
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(c) The test specimen for steel castings shall bend cold through 1 
90 degrees around a pin the diameter of which is equal to 3 times ; 
the thickness of the specimen, without fracture on the outside of \ 
the bent portion. . ' 

(d) Bend tests may be made by pressure or by blows. 

11. Tests of Angles. Angles ^ inch or under in thickness shall 
open flat, and angles }^ inch or under in thickness shall bend shut, , 
cold, under blows of a hammer without fracture. This test shall ' 
be made only when required by the inspector. j 

12. Test Specimens, (a) Tension and bend test specimens for! 
plates, shapes, and bars shall be taken from the finished product, | 
and shall be of the full thickness of material as rolled. | 

Tension test specimens may be of the form and dimensions ' 
shown in Figure 1; or with both edges parallel; or they may be i 
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FlQ. 1 

turned to a diameter of % inch for a length of at least 9 inches, with 
enlarged ends. 

Bend test specimens for eye bars shall be of the full-size section 
as rolled. The sheared edges of bend test specimens shall be milled 
or planed. 

(6) Rivet rods shall be tested as rolled. 

(c) Tension and bend test specimens for pins and rollers shall 
be taken from the finished rolled or forged bar. The axis of the 
specimen shall be 1 inch from the surface of the bar, and shall be 
parallel to the axis of the bar. 

Tension test specimens shall be of the form and dimensions 
shown in Figure 2. 

Bend test specimens shall be 1 by J^ inch in section. 

(d) Tension and bend test specimens for steel castings shall be 
taken cold from test bars attached to the castings, or from the 
sink-heads if they are of sufficient size. All test bars or sink heads 
so used shall be annealed with the castings. 

6 
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Tension test specimens shall be of the form and dimensions 
shown in Figure 2. 

Bend test specimens shall be 1 by J^ inch in section. 
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^'■%-^^ 






Fig. 2. 



13. Annealed Specimens, (a) Material which is to be used with- 
out annealing or further treatment shall be tested as rolled or 
forged. 

(6) Tension test specimens for material which is to be annealed 
or otherwise treated before use, shall be cut from properly annealed 
or similarly treated short lengths of the full section of the piece. 

14. Number of Tests, (a) At least one tension and one bend 
test for structural and rivet steel shall be made from each melt. 
If material from one melt differs % inch or more in thickness, tests 
shall be made from both the thickest and the thinnest material 
rolled. 

(6) The number of tension and bend tests for steel castings 
will depend on the character and importance of the castings. 

15. Retests. If the tensile strength* of structural and rivet steel 
varies more than 4,000 pounds per square inch from that specified 
in Section 5, a retest on the same gage may be made, at the option 
of the inspector, and this shall not vary more than 5,000 pounds 
per square inch from that specified. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND' GAGE 

16. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent, from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single 
plates : 

(a) When Ordered to Weight. — For plates 12)^ pounds per square 
foot or over: 

Under 100 inches in width, 2.5 per cent, above or below the 
specified weight; 
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THIS, the Sixteenth Edition of the Carnegie Pocket Companion, 
has been rewritten and reset throughout. 

Since 1903, the date of the last edition, there have been many 
changes in the art of bridge and building construction with the 
extension of the use of steel into other lines than those covered by 
that edition. The endeavor in the present publication has been to 
eliminate obsolete forms of construction, to revise the forms retained 
from the last edition so as to make them conformable to present 
standard practice and to incorporate with the matter so retained 
such information on the newer lines of manufacture as would be of 
interest to engineers, architects and builders. 

From the large number of rolled shapes which we manufacture, 
we have selected for illustration in the profiles and tables such as 
are deemed most suitable for use in bridge, building, car and 
ship construction. A complete list of all the sections rolled on 
the Structural, Plate, Bar and Rail Mills of the Carnegie Steel 
Company, together with tables of weights and other data in regard 
to those products, is given in our Shape Book, with its supple- 
ments. 
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CARNEQIE STEEL COMPANY 



AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA. PA.. U. S. A. 

AFFILIATED WITH THE 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 

For 

STRUCTURAL STEEL FOR BRIDGES 

Adopted August 16, 1909 

I. MANUFACTURE 

1. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Chemical Composition 



Elements Considered 


Structural 
Steel 


Rivet 
Steel 


Steel 
CaBtings * 


f Acid 
Phosphorus, max., per cent-jg^j^j^; ' ' ' ' 

SulDhur. max. Der cent 


O.OG 
0.04 
0.05 


0.04 
0.04 
0.04 


0.08 
0.05 
0.05 







3. Ladle Analyses. An analysis shall be made by the manu- 
facturer from a test ingot taken during the pouring of each melt, to 
determine the percentages of carbon, manganese, phosphorus and 
sulphur. A copy of this analysis shall be given to the purchaser 
or his representative. 

4. Check Analyses. A check analysis shall be made from finished 
material representing each melt, if called for by the purchaser, in 
which case an excess of 25 per cent, above the requirements specified 
in SectioB 5 fehill be allowed. 
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III. PHYSICAL PROPERTIES AND TESTS 
Tension Tests. The steel shall conform to the following 



requirements as to tensile properties: 

Tbnsilb Pbopbbtibs 



Properties Considered 


Structural 
Steel 


Rivet 
Steel 


Steel 
Castings 


Tensile strength,lbs. per sq.in. 

Elongation in 8 inches, min., 
per cent 


Desired 60.000^ 

1,500.000" 
Tens. str. 

22 


Desired 60,000* 

1.500.000 
Tens. str. 


65,000 min. 


Elongation in 2 inches, min., 
per cent. 


18 



^See Section 7. 



"See Section 8. 



6. Yield Point. The yield point, as determined by the drop of 
the beam of the testing machine, shall be recorded in the test 
reports. 

7. PermissibleVariations in Tensile Strength. The tensile strength of 
structural and rivet steel may vary 4,000 pounds per square inch 
from that specified in Section 5. 

8. Modifications in Elongation, (a) For material over ^ inch in 
thickness, a deduction of 1 from the percentage of elongation in 
8 inches specified in Section 5 for structural steel shall be made for 
each increase of ]/% inch in thickness above ^ inch. 

(6) For material under %6 inch in thickness, a deduction of 2.5 
from the percentage of elongation in 8 inches specified in Section 5 
for structural steel shall be made for each decrease of %6 inch in 
thickness below %6 inch. 

9. Character of Fracture. All broken tension test Specimens of 
structural and rivet steel shall show a silky fracture; and of steel 
castings, a silky or fine granular fracture. 

10. Bend Tests, (a) The test specimen for structural steel shall 
bend cold through 180 degrees without fracture on the outside of 
the bent portion, as follows : For material under 1 inch in thickness, 
flat on itself; and for material 1 inch or over in thickness, around 
a pin the diameter of which is equal to twice the thickness of the 
specimen. 

(6) A rivet rod shall bend cold through 180 degrees flat on 
itself without fracture on the outside of the bent portion. When 
nicked and bent around a pin the diameter of which is equal to that 
of the rivet rod, it shall break gradually with a fine, silky, uniform 
fracture. 
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(c) The test specimen for steel castings shall bend cold through 
90 degrees around a pin the diameter of which is equal to 3 times , 
the thickness of the specimen, without fracture on the outside of • 
the bent portion. . ' 

(d) Bend tests may be made by pressure or by blows* ( 

11. Tests of Angles. Angles ^ inch or under in thickness shall 
open flat, and angles 3^ inch or under in thickness shall bend shut, j 
cold, under blows of a hammer without fracture. This test shall i 
be made only when required by the inspector. ' 

12. Test Specimens, (a) Tension and bend test specimens for i 
plates, shapes, and bars shall be taken from the finished product, | 
and shall be of the full thickness of material as rolled. i 

Tension test specimens may be of the form and dimensions j 
shown in Figure 1; or with both edges parallel; or they may be ] 
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Fig. 1 

turned to a diameter of % inch for a length of at least 9 inches, with 
enlarged ends. 

Bend test specimens for eye bars shall be of the full-size section 
as rolled. , The sheared edges of bend test specimens shall be milled 
or planed. 

(6) Rivet rods shall be tested as rolled. 

(c) Tension and bend test specimens for pins and rollers shall 
be taken from the finished rolled or forged bar. The axis of the 
specimen shall be 1 inch from the surface of the bar, and shall be 
parallel to the axis of the bar. 

Tension test specimens shall be of the form and dimensions 
shown in Figure 2. 

Bend test specimens shall be 1 by J^ inch in section. 

(d) Tension and bend test specimens for steel castings shall be 
taken cold from test bars attached to the castings, or from the 
sink-heads if they are of sufficient size. All test bars or sink heads 
so used shall be annealed with the castings. 
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Tension test specimens shall be of the form and dimensions 
shown in Figure 2. 

Bend test specimens shall be 1 by J^ inch in section* 
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Fig. 2. 

13. Annealed Specimens, (a) Material which is to be used with- 
out annealing or further treatment shall be tested as rolled or 
forged. 

(6) Tension test specimens for material which is to be annealed 
or otherwise treated before use, shall be cut from properly annealed 
or similarly treated short lengths of the full section of the piece. 

14. Namber of Tests, (o) At least one tension and one bend 
test for structural and rivet steel shall be made from each melt. 
If material from one melt differs J^ inch or more in thickness, tests 
shall be made from both the thickest and the thinnest material 
rolled. 

(6) The number of tension and bend tests for steel castings 
will depend on the character and importance of the castings, 

15. Retests. If the tensile strength' of structural and rivet steel 
varies more than 4,000 pounds per square inch from that specified 
in Section 5, a retest on the same gage may be made, at the option 
of the inspector, and this shall not vary more than 5,000 pounds 
per square inch from that specified. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

16. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent, from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single 
plates : 

(o) When Ordered to Weight. — For plates 123^ pounds per square 
foot or over: 

Under 100 inches in width, 2.5 per cent, above or below the 
specified weight; 
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100 inches in width and over, 6 per cent, above or below the 
specified weight. 

For plates under 12% pounds per square foot: 

Under 75 inches in width, 2.5 per cent, above or below the 
specified weight; 

75 to 100 inches in width, 5 per cent, above or 3 per cent, 
below the specified weight; 

100 inches in width and over, 10 per cent, above or 3 per 
cent, below the specified weight. 

(6) When Ordered to Gage, — The thickness of each plate shall 
not vary more than 0.01 inch under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 



Thick- 


Nominal 
Weight, 




Allowabud Excess 
(ExFBBsmi) AS FsRcmrrAGB or Nominal WmoHT) 

For Width of Plate as follows: 


ness 


Pounds 
pa- 
Square Foot 












Ordered, 
Inches 


Under 
50 in. . 


50 in. 

to 
70 in. 


70 in. 
and 
over 


Under 
75 in. 


75 in. 
to 

100 in. 


lOOin. 

to 
115 in. 


115 in. 
and 
over 


HtO%2 


5.10 to 6.37 


10 


15 


20 


• • 


• • 


• • 






%ato%6 


6.37 to 7.65 


8.5 


12.5 


17 


• • 


• • 


• • 


* * 




%6toM 


7.65 to 10.20 


7 


10 


15 




■ • 


• • 






% 


10.20 










10 


14 


18 






%e 


12.75 








, . 


8 


12 


.10 






% 


15.30 










7 


10 


13 


17 


%6 


17.85 










6 


8 


10 


13 


% 


20.40 










5 


7 


9 


12 


%6 


22.95 










4.5 


6.5 


8.5 


11 


% 


2£..50 










4 


6 


8 


10 


Over % 












3.5 


5 


6.5 


9 



V. FINISH 

17. Finish. The finished material shall be free from injurious 
seams, slivers, flaws, and other defects, and shall have a workman- 
like finish. Plates 36 inches in width and under shall have rolled 
edges. 
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VI. MARKING 

18. Marking. The name of the manufacturer and the melt 
number shall be legibly stamped or rolled on all finished material, 
except that each pin and roller shall be stamped on the end. Rivet 
and lattice steel and other small pieces may be shipped in securely 
fastened bundles, with the above marks legibly stamped on an 
attached metal tag. 

VII. INSPECTION AND REJECTION 

19. Inspection, (a) The purchaser shall be furnished complete 
copies of mill orders, and no material shall be rolled, nor work done, 
before the purchaser has been notified where the orders have been 
placed, so that he may arrange for the inspection. 

(6) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer's works which 
concern the manufacture of the material ordered. The manu- 
facturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests and inspections 
shall be made at the place of manufacture prior to shipment, and 
shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

20. Rejection. Material which, subsequent to the above tests 
at the mills and its acceptance there, develops weak spots, brittle- 
ness, cracks or other imperfections, or is found to have injurious 
defects, will be rejected at the shop and shall be replaced by the 
manufacturer at his own cost. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA.. U. S. A. 



AFFILIATED WITH THE 



International Association for Testing Materials 



STANDARD SPECIFICATIONS 



For 



STRUCTURAL STEEL FOR BUILDINGS 



Adopted August 16, 1909 



I. MANUFACTURE 

1. Process, (o) Structural steel, except as noted in Section 1 
(6), may be made by the Bessemer or the open hearth process. 

(6) Rivet steel, and steel for plates or angles over % inch in 
thickness which are to be punched, shall be made by the open 
hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. ^ The steel shall conform to the follow- 
ing requirements as to chemical composition: 

Structural Steel Rivet Steel 

T»i^o«v.^^,o/ Bessemer not over 0.10 per cent. 

I'nospponislQpgj^ Hearth. . . *' 0.06 " not over 0.06 per cent. 

3. Ladle Analyses. To determine whether the material conforms 
to the requirements specified in Section 2, an analysis shall be made 
by the manufacturer from a test ingot taken during the pouring of 
each melt. A copy of this analysis shall be given to the purchaser 
or his representative. 

III. PHYSICAL PROPERTIES AND TESTS 

4. Tension Tests, (a) The steel shall conform to the following 
requirements as to tensile properties: 

10 
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Tensile Pbopbrties 



Properties Considered 


Structural St^el 


Rivet Steel 


Tensile streiiKth. lbs. per sq . in 


55,000-66.000 

0.5 Tens. str. 

1.400.000» 
Tens. str. 


48.000-68,000 

0.5 Tens. str. 

1,400.000 
Tens. str. 


Yield point, min., lbs. per sq. in 

Elongation in 8 inches, min., per cent 



^See Sections 5 and 6 

(b) The yield point shall he determined by the drop of the 
beam of the testing machine. 

5. Elongation for Pins. The percentage of elongation for pins 
shall be 5 less than that specified for structural steel in Section 4. 

6. Modifications in Elongation, (a) For material over % inch in 
thickness, a deduction of 1 from the percentage of elongation 
specified in Section 4 shall be made for each increase of }^ inch in 
thickness above % inch. 

(6) For material under %6 inch in thickness, a deduction of 
2.5 from the percentage of elongation specified in Section 4 shall 
be made for each decrease of He inch in thickness below %6 inch. 

7. Cliaracter of Fracture. All broken tension test specimens shall 
show a silky fracture. 

8. Bend Test, (a) The test specimen for structural steel shall 
bend cold through 180 degrees around a pin the diameter of which 
is equal to the thickness of the specimen, without fracture on the 
outside of the bent portion. 

(6) A rivet rod shall bend cold through 180 degrees flat on itself 
without fracture on the outside of the bent portion. 

(c) Bend tests may be made by pressure or by blows. 

9. Test Specimens, (a) Tension and bend test specimens for 
structural steel shall be taken from the finished product, and shall 
be of full thickness of material as rolled. 

Tension test specimens may be of the form and dimensions 
shown in Fig. 1; or with both edges parallel; or they may be turned 
to a diameter of % inch for a length of at least 9 inches, with enlarged 
ends. 

Bend test specimens for material over % inch in thickness may be 
1 by J^ inch in section. The sheared edges of specimens shall be 
milled or planed. 

(6) Rivet rods and small rolled bars shall be tested as rolled. 
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THIS, the Sixteenth Edition of the Carnegie Pocket Companion, 
has been rewritten and reset throughout. 

Since 1903, the date of the last edition, there have been many 
changes in the art of bridge and building construction with the 
extension of the use of steel into other lines than those covered by 
that edition. The endeavor in the present publication has been to 
eliminate obsolete forms of construction, to revise the forms retained 
from the last edition so as to make them conformable to present 
standard practice and to incorporate with the matter so retained 
such information on the newer lines of manufacture as would be of 
interest to engineers, architects and builders. 

From the large number of rolled shapes which we manufacture, 
we have selected for illustration in the profiles and tables such as 
are deemed most suitable for use in bridge, building, car and 
ship construction. A complete list of all the sections rolled on 
the Structural, Plate, Bar and Rail Mills of the Carnegie Steel 
Company, together with tables of weights and other data in regard 
to those products, is given in our Shape Book, with its supple- 
ments. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA. PA.. U. S. A. 

AFFILIATED WITH THE 

International Association for Testing Materials 

• 

STANDARD SPECIFICATIONS 

Fob 

STRUCTURAL STEEL FOR BRIDGES 

Adopted Auqubt 16. 1909 

I. MANUFACTURE 

1. ProeeM. The steel shall be made by the open-hearth process. 

11. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Chemical Composition 


Elements Considered 


Structural 
Steel 


Rivet 

Steel 


Steel 
Castings " 


f Arid 
Phosphorus, max., per cent-lgg^j^: " " " 

SulDhur. majc. Der cent 


0.06 
0.04 
0.05 


0.04 
0.04 
0.04 


0.08 
0.05 
0.05 




3. Ladle Analyses. An analysis shall be made by the manu- 
facturer from a test ingot taken during the pouring of each melt, to 
determine the percentages of carbon, manganese, phosphorus and 
sulphur. A copy of this analysis shall be given to the purchaser 
or his representative. 

4. Clieck Analyses. A check analysis shall be made from finished 
material representing each melt, if called for by the purchaser, in 
which case an excess of 25 per cent, above the requirements specified 
in SectioB .2 shall be allowed. 

1 ^ , ; -^ ; —^ _ — _ 
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6. 



III. PHYSICAL PROPERTIES AND TESTS 

Tension Tests. The steel shall conform to the following 



requirements as to tensile properties: 



Tensile Pboperties 



Properties Considered 


Structural 
Steel 


Rivet 

Steel 


Steel 
Castings 


Tensile strength,lbs. persq.in. 

Elongation in 8 inches, min., 
per cent 


Desired 60,000^ 

l.SOCOOO" 
Tens. str. 

22 


Desired 60,000» 

1.500,000 
Tens. str. 


65,000 min. 


Elongation in 2 inches, min., 
per cent. 


18 



*See Section 7. 



^See Section 8. 



6. Yield Point. The yield point, as determined by the drop of 
the beam of the testing machine, shall be recorded in the test 
reports. 

7. Permissible Variations in Tensile strength. The tensile strength pf 
structural and rivet steel may vary 4,000 pounds per square inch 
from that specified in Section 5. 

8. Modifications in Elongation, (a) For material over ^inch in 
thickness, a deduction of 1 from the percentage of elongation in 
8 inches specified in Section 5 for structural steel shall be made for 
each increase of }4 inch in thickness above % inch. 

(6) For material under %6 inch in thickness, a deduction of 2.5 
from the percentage of elongation in 8 inches specified in Section 5 
for structural steel shall be made for each decrease of ^.6 inch in 
thickness below %6 inch. 

9. Character of Fracture. All broken tension test Specimens of 
structural and rivet steel shall show a silky fracture; and of steel 
castings, a silky or fine granular fracture. 

10. Bend Tests, (a) The test Specimen for structural steel shall 
bend cold through 180 degrees without fracture on the outside of 
the bent portion, as follows : For material under 1 inch in thickness, 
flat on itself; and for material 1 inch or over in thickness, around 
a pin the diameter of which is equal to twice the thickness of the 
specimen. 

(6) A rivet rod shall bend cold through 180 degrees flat on 
itself without fracture on the outside of the bent portion. When 
nicked and bent around a pin the diameter of which is equal to that 
of the rivet rod, it shall break gradually with a fine, silky, uniform 
fracture. 
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(c) The test specimen for steel castings shall bend cold through 
90 degrees around a pin the diameter of which is equal to 3 times 
the thickness of the specimen, without fracture on the outside of 
the bent portion. 

(d) Bend tests may be made by pressure or by blows. 

11. Tests of Ansrles. Angles ^ inch or under in thickness shall 
open flat, and angles ^ inch or under in thickness shall bend shut, 
cold, under blows of a hammer without fracture. This test shall 
be made only when required by the inspector. 

12. Test Specimens, (a) Tension and bend test specimens for 
plates, shapes, and bars shall be taken from the finished product, 
and shall be of the full thickness of material as rolled. 

Tension test specimens may be of the form and dimensions 
shown in Figure 1; or with both edges parallel; or they may be 

I' 

^ About 3--^ ^^/ ^P§?§lLelj«ctlwijipUjMB_th^_? " ^About^^ 
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1 i.; I ..." I ' 
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i^ i 4 • • • er'e 

I i T !_ 

■ 1 I I ! T i 
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U About 18" 

Fia. 1 

turned to a diameter of ^ inch for a length of at least 9 inches, with 
enlarged ends. 

Bend test specimens for eye bars shall be of the full-size section 
as rolled. The sheared edges of bend test specimens shall be milled 
or planed. 

(6) Rivet rods shall be tested as rolled. 

(c) Tension and bend test specimens for pins and rollers shall 
be taken from the finished rolled or forged bar. The axis of the 
specimen shall be 1 inch from the surface of the bar, and shall be 
parallel to the axis of the bar. 

Tension test specimens shall be of the form and dimensions 
shown in Figure 2. 

Bend test specimens shall be 1 by J^ inch in section. 

(d) Tension and bend test specimens for steel castings shall be 
taken cold from test bars attached to the castings, or from the 
sink-heads if they are of sufficient size. All test bars or sink heads 
so used shall be annealed with the castings. 

- 
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Tension test specimens shall be of the form and dimensions 
shown in Figure 2. 

Bend test specimens shall be 1 by J^ inch in section* 




-W 



--2%- 




t 
I 

.JL. 



w..%': 



.__2-"-— 

Fia. 2. 







13. Annealed SpeclmeiiB. (a) Material which is to be used with- 
out annealing or further treatment shall be tested as rolled or 
forged. 

(6) Tension test specimens for material which is to be annealed 
or otherwise treated before use, shall be cut from properly annealed 
or similarly treated short lengths of the full section of the piece. 

14. Number of Tests, (a) At least One tension and one bend 
test for structural and rivet steel shall be made from each melt. 
If material from one melt dififers % inch or more in thickness, tests 
shall be made from both the thickest and the thinnest material 
rolled. 

(6) The number of tension and bend tests for steel castings 
will depend on the character and importance of the castings. 

15. Retests. If the tensile strength* of structural and rivet steel 
varies more than 4,000 pounds per square inch from that specified 
in Section 5, a retest on the same gage may be made, at the option 
of the inspector, and this shall not vary more than 5,000 pounds 
per square inch from that specified. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

16. Permissible Variations. The cross-section or weight of each 
^ piece of steel shall not vary more than 2.5 per cent, from that 

specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single 
plates: 

(a) When Ordered to Weight. — For plates 123^ pounds per square 
foot or over: 

Under 100 inches in width, 2.5 per cent, above or below the 
specified weight; 
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100 inches in width and over, 5 per cent, above or below the 
specified weight. 

For plates under 12% pounds per square foot: 

Under 75 inches in width, 2.5 per cent, above or below the 
specified weight; 

75 to 100 inches in width, 5 per cent, above or 3 per cent, 
below the specified weight; 

100 inches in width and over, 10 per cent, above or 3 per 
cent, below the specified weight. 

(6) When Ordered to Gage. — The thickness of each plate shall 
not vary more than 0.01 inch under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 



Thick- 
ness 


Nominal 

Weight, 

Pounds 

per 

Square Foot 


Allowabuo Exciss 

(EXFBBSSBD Afi PkRCKNTAOB OF NOMINAL WiUGBT) 

For Width of Plate as follows: 


Ordered, 
Inches 


Under 
60 in. . 


50 in. 

to 
70 in. 


70 in. 
and 
over 


Under 
75 in. 


75 in. 
to 

100 in. 


100 in. 

to 
115 in. 


115 in. 
and 
over 


HtO%2 


5.10 to 6.37 


10 


15 


20 


• . 


■ • 


• • 




%2to%e 


6.37 to 7.65 


8.5 


12.5 


17 


« • 


« « 


• • 




%etoM 


7.66 to 10.20 


7 


10 


15 




• « 


• • 




% 


10.20 












10 


14 


18 




%6 


12.76 












8 


12 


.10 




% 


16.30 












7 


10 


13 


17 


%6 


17.85 












6 


8 


10 


13 


% 


20.40 












5 


7 


9 


12 


%e 


22.96 












4.5 


6.5 


8.5 


11 


% 


2fi.60 












4 


6 


8 


10 


Over% 














3.5 


5 


6.5 
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V. FINISH 

17. Finish. The finished material shall be free from injurious 
seams, slivers, flaws, and other defects, and shall have a workman- 
like finish. Plates 36 inches in width and under shall have rolled 
edges. 
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VI. MARKING 

18. Marking. The name of the manufacturer and the melt 
number shall be legibly stamped or rolled on all finished material, 
except that each pin and roller shall be stamped on the end. Rivet 
and lattice steel and other small pieces may be shipped in securely 
fastened bundles, with the above marks legibly stamped on an 
attached metal tag. 

VII. INSPECTION AND REJECTION 

19. Inspection, (a) The purchaser shall be furnished complete 
copies of mill orders, and no material shall be rolled, nor work done, 
before the purchaser has been notified where the orders have been 
placed, so that he may arrange for the inspection. 

(6) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer's works which 
concern the manufacture of the material ordered. The manu- 
facturer shall afiford the inspector, free of cost, all reasonable 
facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests and inspections 
shall be made at the place of manufacture prior to shipment, and 
shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

20. Rejection. Material which, subsequent to the above tests 
at the mills and its acceptance there, develops weak spots, brittle- 
ness, cracks or other imperfections, or is found to have injurious 
defects, will be rejected at the shop and shall be replaced by the 
manufacturer at his own cost. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA.. U. S. A. 



AFFILIATED WITH THE 



International Association foe Testing Materials 



STANDARD SPECIFICATIONS 

For 

STRUCTURAL STEEL FOR BUILDINGS 

Adopted AnavsT 16, 1909 



I. MANUFACTURE 

1. Process, (a) Structural steel, except as noted in Section 1 
(b), may be made by the Bessemer or the open hearth process. 

(6) Rivet steel, and steel for plates or angles over ^ inch in 
thickness which are to be punched, shall be made by the open 
hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. ^ The steel shall conform to the follow- 
ing requirements as to chemical composition: 

Structural Steel Rivet Steel 

T>v,-n>««v,-n>«„c/ Bessemer not over 0.10 per cent. 

Jr-nospnorus j q^^ Hearth ... ' ' 0.06 ' ' not over 0.06 per cent. 

3. Ladle Analyses. To determine whether the material conforms 
to the requirements specified in Section 2, an analysis shall be made 
by the manufacturer from a test ingot taken during the pouring of 
each melt. A copy of this analysis shall be given to the purchaser 
or his representative. 

III. PHYSICAL PROPERTIES AND TESTS 

4. Tension Tests, (o) The steel shall conform to the following 
requirements as to tensile properties: 

10 
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Tbnsilb Properties 



Properties Considered 


Structural Steel 


Rivet Steel 


Tensile strenccth. lbs. oer so. In 


65,000-66,000 

0.5 Tens. str. 

1.400.000» 
Tens. str. 


48,000-68,000 

0.5 Tens. str. 

1,400.000 
Tens. str. 


Yield point, mln., lbs. per sq. in 

Elon^^ation in 8 inches, min.. per cent 



^See Sections 5 and 6 

(6) The yield point shall bfe determined by the drop of the 
beam of the testing machine. 

5. Elongation for Pins. The percentage of elongation for pins 
shall be 5 less than that specified for structural steel in Section 4. 

6. Modifications in Elonsation. (a) For material over ^ inch in 
thickness, a deduction of 1 from the percentage of elongation 
specified in Section 4 shall be made for each increase of J^ inch in 
thickness above % inch. 

(6) For material under %6 inch in thickness, a deduction of 
2.5 from the percentage of elongation specified in Section 4 shall 
be made for each decrease of Viq inch in thickness below %6 inch. 

7. Character of Fracture. All broken tension test specimens shall 
show a silky fracture. 

8. Bend Test, (a) The test specimen for structural steel shall 
bend cold through 180 degrees around a pin the diameter of which 
is equal to the thickness of the specimen, without fracture on the 
outside of the bent portion. 

(6) A rivet rod shall bend cold through 180 degrees flat on itself 
without fracture on the outside of the bent portion. 

(c) Bend tests may be made by pressure or by blows. 

9. Test Specimens, (a) Tension and bend test specimens for 
structural steel shall be taken from the finished product, and shall 
be of full thickness of material as rolled. 

Tension test specimens may be of the form and dimensions 
shown in Fig. 1; or with both edges parallel; or they may be turned 
to a diameter of ^ inch for a length of at least 9 inches, with enlarged 
ends. 

Bend test specimens for material over % inch in thickness may be 
1 by J^ inch in section. The sheared edges of specimens shall be 
milled or planed. 

(6) Rivet rods and small rolled bars shall be tested as rolled. 
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(c) TenBion test specimens for pins shall be taken from the 
finished rolled or forged bar. The axis of the specimen shall be 
1 inch from the surface of the bar, and shall be parallel to the axis 
of the bar. 

10. Annealed Specimens, (a) Material which is to be used with- 
out annealing or further treatment shall be tested as rolled or forged. 

(6) Tension test specimens for material which is to be annealed 
or otherwise treated beforp use, shall be cut from properly annealed 
or similarly treated short lengths of the full section of the piece. 

11. Nnmber of Tests, (a) At least one tension and one bend 
test shall be made from each melt. If material from one melt 
differs % inch or more in thickness, tests shall be made from both 
the thickest and the thinnest material rolled. 

(6) If any test specimen develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it 
may be discarded and another specimen substituted. 

12. Retests. If the results of the tension tests do not conform to 
the requirements specified in Section 4, retests may be made. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

13. Permissible Variations. The cross section or weight of each 
piece of steel shall not vary more than 2.5 per cent, from that 
specified; except in the case of sheared plates, which shall be covered 
by the following permissible variations to apply to single plates: 

(a) When Ordered to Weight, — For plates 123^ pounds per square 
foot or over: 

Under 100 inches in width, 2.5 per cent, above or below the 
specified weight; 

100 inches in width and over, 5 per cent, above or below the 
specified weight; 

12 
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For plates under 12V^ pounds per square foot: 

Under 75 inches in width, 2.5 per cent, above or below the 
specified weight; 

75 to 100 inches in width, 5 per cent, above or 3 per cent. 

below the specified weight; 
100 inches in width and over, 10 per cent, above or 3 per 
cent, below the specified weight. 

(6) When Ordered to Gage, — The thickness of each plate shall 
not vary more than 0.01 inch below that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 



Thick- 
ness 


Nominal 

Weight. 

Pounds 

per 

Square Foot 


! I =a» 

Alldwablb Excasa 

(EXPRMRED AH PvnmNTAaV O? NailTNATi WmQBT) 

For Width of Plate as f oUows : 


Ordered, 
Inches 


Under 
50 in. 


50 in. 

to 
70 in. 


70 in. 
and 
over 


Under 
75 in. 


75 in. 

to 
100 in. 


100 in. 

to 
115 in. 


115 in. 
and 
over 


H to %2 


5.10 to 6.37 


10 


15 


20 


• • 


• • 


• • 




%2to%e 


6.37 to 7.65 


8.5 


12.5 


17 


• • 


• • 


• • 




%etoM 


7.65 to 10.20 


7 


10 


15 


« • 


• • 


• • 




% 


10.20 






« • 






10 


14 


18 




%e 


12.75 














8 


12 


16 




% 


15.30 














7 


10 


13 


17 


%o 


17.85 














6 


8 


10 


13 


% 


20.40 














5 


7 


9 


12 


%6 


22.95 










• 




4.5 


6.5 


8.5 


11 


% 


25.50 














4 


6 


8 


10 


Over% 














1 


3.5 


5 


6.5 


9 



V. FINISH 

14. Finish. The finished material shall be free from injurious 
seams, slivers, flaws, and other defects, and shall have a workman- 
like finish. 
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VI. MARKING 

15. Blarkinff. The melt number shall be stamped on all finished 
material and on each test specimen. Rivet and lattice steel and 
other small pieces may be shipped in securely fastened bundles, 
with the melt number stamped on an attached metal tag. 

VII. INSPECTION 

16. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment 
and shall be so conducted as not to interfere unnecessarily with 
the operation, of the works. 
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1 

AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA.. U. S. A. 

AFFILIATED WITH THE 

International Association for Testing Materials 
STANDARD SPECIFICATIONS 

For 

STRUCTURAL STEEL FOR SHIPS 

Adopted August 16, 1909 

I. MANUFACTURE 

1. Process. The steel shall be made by the open hearth process. 

11. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Chemical Composition 


Elements Considered 


Structural 
Steel 


Rivet 
Steel 


Steel 
<I!a8tingfl 

0.08 
0.05 

• • • • 


Phosphorus, max., per cent.lg^j^ 

Sulphur, max., per cent 


0.06 
0.04 

• • • • 


0.06 
0.04 
0.05 




3. Ladle Analyses. To determine whether the material conforms 
to the requirements specified in Section 2, an analysis shall be made 
by the manufacturer from a test ingot taken during the pouring 
of each melt. A copy of this analysis shall be given to the purchaser 
or his representative. 

4. Check Analyses. A check analysis may be made by the pur- 
chaser from finished material representing each melt, in which case 
an excess of 25 per cent, above the requirements specified in Section 
2 shall be allowed. 

9 
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6. 



III. PHYSICAL PROPERTIES AND TESTS 

Tension Tests, (a) The Steel shall conform to the following 



requirements as to tensile properties: 



Tensile Properties 



Properties Considered 


Structural 
Steel 


Rivet 
Steel 


steel 
Castings 


Tensile strength, lbs. per sq. in . . . 
Yield point, min., lbs. per sq. in. . . 
Elongation in 8 in. , min. , per cent . . 
Elongation in 2 in. , min. , per cent . . 


55,000-66,000 

0.5 Tens. str. 

1,500,000» 
Tens. str. 


48,000-58,000 

0.5 Tens. str. 

1.500,000 
Tens. str. 


60,000 min. 
0.5 Tens. str. 

18 



^See Section 6. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. Modifications in Elongation. Ca) For material Over ^ inch in 
thickness, a deduction of 1 from the percentage of elongation 
specified in Section 5 shall be made for each increase of J^ inch in 
thickness above ^ inch. 

(6) For material under %6 inch in thickness, a deduction of 2.5 
from the percentage of elongation specified in Section 5 shall be 
made for each decrease of V\.^ inch in thickness below %6 inch. 

7. Character of Fracture. All broken tension test specimens of 
structural and rivet steel shall show a silky fracture; and of steel 
castings, a silky or fine granular fracture. 

8. Bend Tests, (a) The test specimen for structural steel shall 
bend cold through 180 degrees without fracture on the outside of 
the bent portion, as follows : For material under 5^ inch in thickness, 
flat on itself; for material J^to IJ^inch in thickness, around a pin 
the diameter of which is equal to IJ^ times the thickness of the 
specimen; and for material over IJ^ inch in thickness, around a 
pin the diameter of which is equal to twice the thickness of the 
specimen. 

(6) A rivet rod shall bend cold through 180 degrees flat on 
itself without fracture on the outside of the bent portion. 

(c) The test specimen for steel castings shall bend cold through 
90 degrees around a pin the diameter of which is equal to 3 times 
the thickness of the specimen, without fracture on the outside of 
the bent portion. 

(d) Bend tests may be made by pressure or by blows. 

16 
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9. Teste of Anffles. Angles % inch or under in thickness shall 
open flat, and angles V2 inch or under in thickness shall bend shut, 
cold, under the blows of a hammer without fracture. This test 
shall be made only when required by the inspector. 

10. Test Spedmeiui. (a) Tension and bend test specimens for 
structural steel shall be taken from the finished product, and shall 
be of the full thickness of material as rolled. 

Tension test specimens may be of the form and dimensions 
shown in Fig. 1; or with both edges parallel; or they may be turned 
to a diameter of ^ inch for a length of at least 9 inches, with enlarged 
ends. 
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The sheared edges of bend test specimens shall be milled or 
planed. 

(b) Rivet rods and small rolled bars shall be tested as rolled. 

(c) Tension and bend test specimens for steel castings shall be 
taken cold from test bars attached to the castings, or from the 
sink-heads if they are of sufficient size. All test bars or sink-heads 
so used shall be annealed with the castings. 

Tension test specimens shall be of the form and dimensions 
shown in Fig. 2. 

Bend test specimens shall be 1 by f^ inch in section. 




11. Annealed Specimens, (a) Material which is to be used with- 
out annealing or further treatment shall be tested as rolled. 
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(b) TenBion test specimens for material which is to be annealed 
or otherwise treated before use, shall be cut from properly annealed 
or similarly treated short lengths of the full section of the piece. 

12. Number of Tests, (o) At least One tension and one bend test 
for structural and rivet steel shall be made from each melt. If 
• material from one melt differs % inch or over in thickness, tests 
shall be made from both the thickest and the thinnest material 
rolled. 

(6) The number of tension and bend tests for steel castings 
will depend on the character and importance of the castings. 

(c) If any test specimen develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it 
may be discarded and another specimen substituted. 

13. Retests. If the results of the tension tests do not conform to 
the requirements specified in Section 5, retests may be made. 



rV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

14. Permissible Variations. The cross section or weight of each 
piece of steel shall not vary more than 2.5 per cent, from that 
specified ; except in the case of sheared plates, which shall be covered 
by the following permissible variations to apply to single plates: 

(o) When Ordered to Weight, — For plates 12J^ pounds per square 
foot or over: 

Under 100 inches in width, 2.5 per cent, above or below the 

specified weight; 
100 inches in width and over, 5 per cent, above or below the 

specified weight. 

For plates under 12J^ pounds per square foot: 

Under 75 inches in width, 2.5 per cent, above or below the 

specified weight; 
75 to 100 inches in width, 5 per cent, above or 3 per cent. 

below the specified weight; 
100 inches in width and over, 10 per cent, above or 3 per cent. 

below the specified weight. 

(6) When Ordered to Gage. — The thickness of each plate shall 
not vary more than 0.01 inch below that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 
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Thick- 
ness 


Nominal 

Weight, 

Pounds 

per 

Square Foot 


AUiOWABLK Excess 

(EZFBESSED AS PeRCENTAOB OF NOMINAL WiIQHT) 

For Width of Plate as follows: 


Ordered, 
Inches 


Under 
50 in. 


50 in. 

to 
70 in. 


70 in. 
and 
over 


Under 
75 in. 


75 in. 

to 
100 in. 


100 in. 

to 
115 in. 


115 in. 
and 
over 


% to %2 


5.10 to 6.37 


10 


15 


20 


• • 


• • 


« m 




%2 to%e 


6.37 to 7.65 


8.5 


12.5 


17 


• • 


• ■ 


m m 




%o to V4 


7.65 to 10.20 


7 


10 


15 


• • 


• • 


• m 




V4, 


10.20 












• 


10 


14 


18 




%« 


12.75 












• 


8 


12 


16 




% 


15.30 














7 


10 


13 


17 


%e 


17.85 














6 


8 


10 


13 


% 


20.40 














5 


7 


9 


12 


%e 


22.95 














4.5 


6.5 


8.5 


11 


% 


25.50 














4 


6 


8 


10 


Over% 
















3.5 


5 


6.5 


9 



V. FINISH 

15. Finish. The finished material shall be free from injurious 
seams, slivers, flaws, and other defects, and shall have a workman- 
like finish. 

VI. MARKING 

16. Blarkinc. The melt number shall be legibly stamped or 
rolled on all finished material and test specimens, except that small 
pieces may be shipped in securely fastened bundles, with the melt 
number legibly stamped on an attached metal tag. 

VII. INSPECTION 

17. Inspeetioiu The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests and inspection shall 
be made at the place of manufacture prior to shipment, and shall 
be so conducted as not to interfere unnecessarily with the operation 
of the works. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

AFFILIATED WITH THB 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 



For 



STRUCTURAL NICKEL STEEL 



Adopted June 1, 1912 



I, MANUFACTURE 

1. Process. The steel shall be made by the Open Hearth process. 

2. Discard. A discard of at least 25 per cent, shall be made 
from the top of each ingot intended for eye bars. If necessary, 
the shearing shall be continued until sound metal is found. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Compositioit. The steel shall conform to the following 
requirements as to chemical composition: 

__ _ _ « 

Chemical Composition 



Elements Considered 


Riveits 


Plates and 
Shapes 


Bars and 

Rollers. 

Unannealed 


Bars and 

Pins, 
Annealed 


Carbon, max. Der cent 


0.30 
0.60 
0.04 
0.03 
0.04 
3.25 


0.45 
0.70 
0.05 
0.04 
0.04 
' 3.25 


0.45 
0.70 
0.05 
0.04 
0.04 
3.25 


0.45 


Manganese, max. per cent 

(Arid 

Phosphorus, max. per cent.jg^j^ 
Sulnhur. max. ner cent 


0.70 
0.05 
0.04 
04 


Nickel. TPlTi, per cent,, 


3 25 







4. Ladle Analyses. To determine whether the material conforms 
to the requirements specified in Section 3, an analysis shall be made 
by the manufacturer from a test ingot taken during the pouring 
of each melt. A copy of this analysis shall be given to the pur- 
chaser or his representative. 
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5. Check Analyses. A check analysis may be made by the pur- 
chaser from finished material representing each melt, and this 
analysis shall conform to the requirements specified in Section 3. 



6. 



III. PHYSICAL PROPERTIES AND TESTS 
Tension Tests, (a) The steel shall conform to the following 



requirements as to tensile properties: 



Tensilb Properties from Specimen Tests 



• ■■ 1 

Properties Considered 


Rivets 


Plates 

and 
Shapes 


Bars and 

Rollers,^ 
Unannealed 


Bars * and 

Pins.^ 
Annealed 


Tensile strength, 
lbs. persq. in... 

Yield point, min., 
lbs. persq. in 

Elongation in 8 
in., mln., per cent. 

Elongation in 2 
in.,nitn.,per cent. 


70,000-80,000 

45,000 

1,500,000 
Tens. Str. 


85,000-100.000 

50,000 

1.500,000^ 
Tens. Str. 


95,000-110,000 

55,000 

1.500.000^ 
Tens. Str. 

16 
25 


1 

90,000-105,000 

52,000 
20 

20 


Reduction of area, 
min., per cent 


40 


25 


35 



a Tests of annealed specimens of bars shall be made for information only. 

^ See Section 7". 

c Elongation shall be measured in 2 in. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Hodifieations in Elonsation. For plates, shapes and unannealed 
bars over 1 inch in thickness, a deduction of 1 from the percentage 
of elongation specified in Section 6 shall be made for each increase 
of }4 ijich in thickness above 1 inch, to a minimum of 14 per cent. 

8. Character of Fracture. All broken tension test specimens shall 
show either a silky or a very fine granular fracture, of uniform color, 
and free from coarse crystals. 

9. Bend Tests, (a) The test specimen for plates, shapes and 
bars shall bend cold through 180 degrees without fracture on the 
outside of the bent portion, as follows: For material ?i inch or 
under in thickness, around a pin the diameter of which is equal to 
the thickness of the specimen; and for material over % inch in thick- 
ness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(6) A rivet rod shall bend cold through 180 degrees flat on 
itself without fracture on the outside of the bent portion. 
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(c) The test specimen for pins and rollers shall bend cold 
through 180 degrees around a 1 inch pin, without fracture on the 
outside of the bent portion. 

(d) Bend tests may be made by pressure or by blows. 

10. Te^ts of Anffles. (a) Angles with 4 inch legs or under, and 
J^ inch or under in thickness, shall open flat or bend shut, cold, 
under the blows of a hammer without fracture. 

(6) Angles with legs over 4 inches, or over 3^ inch in thickness, 
shall open to an angle of 150 degrees, or close to an angle of 30 
degrees, cold, under the blows of a hammer without fracture. 

11. Drift Testa. Punched rivet holes pitched two diameters from 
a planed edge shall stand drifting until the diameter is enlarged 
50 per cent, without cracking the metal. 

12. Test Specimens, (a) Tension and bend test specimens for 
plates, shapes and bars shall be taken from the finished product, 
and shall be of the full thickness of material as rolled. 

Tension test specimens may be of the form and dimensions 
shown in Fig. 1; or with both edges parallel; or they may be turned 






-About 3--*; 



'hoi 






Parallel section not less than 9' 



IH 



-*1 



nAbou^S^ 



♦ * 4 



^ 



• I • 






I ..-J^i.i/i_ir^Etc. ^^ i 

I* About 18" ♦J 

FlQ. 1 

to a diameter of % inch for a length of at least 9 inches with enlarged 
ends. 

Bend test specimens shall not be less than 2 inches in width. 

(6) Rivet rods shall be tested as rolled. 

(c) Tension and bend test specimens for pins and rollers shall 
be taken from the finished rolled or forged bar. The axis of the 
specimen shall be 1 inch from the surface of the bar and shall be 
parallel to the axis of the bar. Test specimens for pins shall be 
taken after annealing. 

Tension test specimens shall be of the form and dimensions 
shown in Fig. 2. 

Bend test specimens shall be 2 by J^ inch in section. 

13. Number of Testa. At least one tension and one bend test shall 
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be made from each melt. If material from one melt differs ^ inch 
or over in thickness, tests shall be made from both the thickest and 
the thinnest material rolled. No material under %6 inch in thickness 
will be used. 




Fig. 2. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

14. Permissible Variations. The cross section or weight of each 
piece of steel shall not vary more than 2.5 per cent, from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single 
plates : 

(a) When Ordered to Weight. — For plates 123^ pounds per square 
foot or over: 

Under 100 inches in width, 2.5 per cent, above or below the 

specified weight; 
100 inches in width and over, 5 per cent, above or below the 

specified, weight. 

(6) When Ordered to Gage. — The thickness of each plate shall 
not vary more than 0.01 inch below that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pounds: 







Allowable Excess 




Nominal 


(Expressed as Percentage of Nominal Weight) 


Thickness 


Weight, 


For Width of Plate as Follows : 


Ordered, 


Pounds 












Inches 


per 
Square Foot 


Under 
75 in. 


76 in. 

to 
100 in. 


100 in. 

to 
116 in. 


115 in. 
and 
over 


Vie 


12.75 


8 


12 


16 




% 


15.30 


7 


10 


13 


17 


%6 


17.85 


6 


8 


10 


13 


Vs 


20.40 


5 


7 


9 


12 


%6 


22.95 


4.5 


6.5 


8.5 


11 


% 


25.50 


4 


6 


8 


10 


Over % 




3.5 


5 


6.5 


9 
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V. FINISH 

15. Finish. The finished material shall be free from injurious 
seams, slivers, flaws and other defects, and shall have a workman- 
like finish. 

VI. MARKING 

16. Markinsr. The name of the manufacturer and the melt 
number shall be legibly stamped or rolled on all finished material, 
except that each pin and roller shall be stamped on the end. Rivet 
and lattice steel and other small pieces shall be shipped in securely 
fastened bundles, with the above marks legibly stamped on an 
attached metal tag. 

VII. INSPECTION 

17. Inspection, The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the miaterial is being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, and 
shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

VIII. FULL SIZE TESTS 

18. Tests of Eye Bars, (a) Full size tests of annealed eye bars 

shall conform to the following requirements as to tensile properties: 

Tensile strength, lbs. per sq. in 85,000-100,000 

Yield point, min., lbs. per sq. in 48,000 

Elongation in 18 ft., min., per cent 10 

Reduction of area, min., per cent 30 

(6) The yield point shall be determined by the halt of the 
gage of the testing machine. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

AFFILIATED WITH THB 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 

For 

BOILER AND FIRE BOX STEEL 

Adopted June 1, 1912 

1. Grades. There shall be two grades of steel for boilers, 
namely: Flange and firebox. 

I. MANUFACTURE 

2. FroccM. The steel shall be made by the open hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 



Flanqe 

Carbon 

Manganese 0.30-0.60 

Phosphorus (Acid) not over 0.05 

Phosphorus (Basic) " " 0.04 

Sulphur •• •• 0.05 

Copper 



FiBEBOX 

0.12-0.25 per cent. 

0.30-0.50 

not over 0.04 

" •• 0.035 

•• •• 0.04 

•• •• 0.05 



4. Ladle Analyses. To determine whether the material conforms 
to the requirements specified in Section 3, an analysis shall be made 
by the manufacturer from a test ingot taken during the pouring 
of each melt. A copy of this analysis shall be given to the purchaser 
or his representative. 

5. Check Analyses. A check analysis may be made by the pur- 
chaser from a broken tension test specimen representing each plati 
as rolled, and this analysis shall conform to the requirements speci- 
fied in Section 3. 
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6. 



III. PHYSICAL PROPERTIES, AND TESTS 
Tension Tests, (a) The steel shall conform to the following 



requirements as to tensile properties: 

Flange Firebox 

Tensile strength, lbs. per sq. in 55.000-65,000 52,000-62,000 

Yield point, min., lbs. per sq. in 0.5 Tens. str. 0.5 Tens. str. 

Elongation in 8 in. . min. , per cent l^SOOWO 1.500.000 

Tens. str. Tens. str. 

(See Section 7) 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For material over ^ inch in 
thickness, a deduction of 0.5 from the percentage of elongation 
specified in Section 6 shall be made for each increase of J^ inch in 
thickness above Ji inch. 

(6) For material J^ inch or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of the 
specimen. 

8. Bend Tests, (a) Cold-bend Tests. — The test specimen shall 
bend cold through 180 degrees without fracture on the outside of 
the bent portion, as follows: For material 1 inch or under in thick- 
ness, flat on itself; and for material over 1 inch in thickness, around 
a pin the diameter of which is equal to the thickness of the specimen. 

(6) Quench-bend Tests. — The test specimen, when heated to a 
light cherry red as seen in the dark (not less than 1200" F.), and 
quenched at once in water the temperature of which is between 
80® and 90** F., shall bend through 180 degrees without fracture 
on the outside of the bent portion, as follows: For material 1 
inch or under in thickness, flat on itself; and for material over 

1 inch in thickness, around a pin the diameter of which is equal to 
the thickness of the specimen. 

(c) Bend tests may be made by pressure or by blows. 

9. Homogeneity Tests. For firebox steel, a sample taken from a 
broken tension test specimen shall not show any single seam or 
cavity more than }4 ii^ch long, in either of the three fractures obtaineci 
in the test for homogeneity, which shall be made as follows: 

The specimen shall be either nicked with a chisel or grooved on 
a machine, transversely, about Vie inch deep, in three places about 

2 inches apart. The first groove shall be made 2 inches from the 
square end; each succeeding groove shall be made on the opposite 
side from the preceding one. The specimen shall then be firmly 
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held in a vise, with the first groove about J^ inch above the jaws, 
and the projecting end broken off by light blows of a hammer, 
the bending being away from the groove. The specimen shall be 
broken at the other two grooves in the same manner. The object 
of this test is to open and render visible to the eye any seams due to 
failure to weld up or to interposed foreign matter, or any cavities 
due to gas bubbles in the ingot. One side of each fracture shall be 
examined and the lengths of the seams and cavities determined, a 
pocket lens being used if necessary. 

10. Test Specimens, (a) Tension and bend test specimens shall 
be taken from the finished product, and shall be of the full thickness 
of material as rolled. 

(b) Tension test specimens shall be of the form and dimensions 
shown in Fig. 1. 

The sheared edges of bend test specimens shall be milled or 
planed. 



About 3- 



u ! 



T 



J?§?§ll®L§§ct[on_nptJess.than_9^ 



ft 



•-^bout-S-^i 



♦ * 4 



T7 



• r. 



I I i I < 

L^ About 18' 






Fig. 1 

11. Number of Tests, (a) One tension, one cold-bend, and one 
quench-bend test shall be made from each plate as rolled. 

(6) If any test specimen develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it may 
be discarded and another specimen substituted. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 

12. Permissible Variations. When Ordered to Gage, — The thickness 
of each plate shall not vary more than O.OUinch below that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 
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Thick- 
ness 


Nominal 

Weight, 

Pounds 

per 

Square Foot 


Allow ABLB Excbss 

(Expressed as Percbntaob or Noional WnaHT) 

For Width of Plate as follows: 


Ordered, 
Inches 


Under 
50 in. 


50 in. 

to 
70 in. 


70 in. 
and 
over 


Under 
76 in. 


75 in. 

* *° 
TlOOin. 


100 in. 

to 
115 in. 


115 in. 
and 
over 


% to %2 


5.10 to 6.37 


10 


16 


20 


• • 


• • 


, , 




%2tO%6 


6.37 to 7.65 


8.5 


12.6 


17 


• % 


• • 


• • 




%6 to H 


7.65 to 10.20 


7 


10 


15 






• • 




^4 


10.20 










10 


14 


18 




%8 


12.75 










8 


12 


16 




% 


15.30 










7 


10 


13 


17 


%e 


17.85 










6 


8 


10 


13 


•H- 


20.40 










5 


7 


9 


12 


%e 


22.95 










4.6 


6.5 


8.5 


11 


% 


26.50 










4 


6 


8 


10- 


Over% 


• ■>••• 










3.5 


5 


6.5 


9 



V. FINISH 

13. Finish. The finished material shall be free from injurious 
seams, slivers, flaws, laminations and other defects, and shall have 
a workmanlike finish. 

VI. MARKING 

14. Marking. The name of the manufacturer, melt or slab 
number, grade and lowest tensile strength for its grade specified in 
Section 6, shall be legibly stamped on each plate. The melt or 
slab number shall be legibly stamped on each test specimen repre- 
senting that melt or slab. 

VII. INSPECTION 

15. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works, which concern the manufacture ' of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, and 
shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

AFFILIATED WITH THE 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 

For 

BOILER RIVET STEEL 

Adopted June 1, 1912 

A . Requirements for Rolled Bars 



I. MANUFACTURE 

1. Process. The steel shall be made by the open hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The Steel shall conform to the following 
requirements as to chemical composition: 

Manganese 0.30-0.50 per cent. 

Phosphorus not over 0.04 " 

Sulphur " " 0.045 " 

3. Ladle Analyses. To determine whether the material conforms 
to the requirements specified in Section 2, an analysis shall be made 
by the manufacturer from a test ingot taken during the pouring 
of each melt. A copy of this analysis shall be given to the purchaser 
or his representative. 

4. Check Analyses. A check analysis may be made by the pur- 
chaser from finished material representing each melt, and this 
analysis shall conform to the requirements specified in Section 2. 

III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Tests, (a) The steel shall conform to the following 
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requirements as to tensile properties: 

Tensile strength, lb. per sq. in 45,000-55,000 

Yield point, min., lb. per sq. in -. . . . . 0.5 Tens. str. 

Elongation in 8 in., min., per cent 1.500.000 

Tens. str. 
(But need not exceed 30 per cent.) 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. Bend Tests, (a) Cold-bend Tests, — The test specimen shall 
bend cold through 180 degrees fiat on itself without fracture on the 
outside of the bent portion. 

(6) Quench'hend Tests. — The test specimen, when heated to 
a light cherry red as seen in the dark (not less than 1200® F.), and 
quenched at once in water the temperature of which is between 
80° and 90 "* F., shall bend through 180*' fiat on itself without 
fracture on the outside of the bent portion. 

(c) Bend tests may be made by pressure or by blows. 

7. Test Specimens. Tension and bend test specimens shall be 
taken from the finished bars and shall be of the full-size section of 
material as rolled. 

8. Number of Tests. Two tension, two cold-bend, and two 
quench-bend tests shall be made from each melt. 

IV. PERMISSIBLE VARIATIONS IN GAGE 

9. Permissible Variations. The gage of each bar shall not vary 
more than 0.01 inch from that specified. 

V. WORKMANSHIP AND FINISH 

10. Workmanship. The finished bars shall be circular within 0.01 
inch. 

11. Finish. The finished bars shall be free from injurious seams, 
slivers, flaws and other defects, and shall have a workmanlike 
finish. 

VI. MARKING 

12. Marking. Rivet steel shall be shipped in securely fastened I 
bundles, with the melt numbers legibly stamped on an attached ' 
metal tag. ' 

VII. INSPECTION I 

13. Inspection. The inspector representing the purchaser shall | 
have free entry at all times while work on the contract of the ] 
purchaser is being performed, to all parts of the manufacturer's i 

30 



STANDARD SPECIFICATIONS 



works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, and 
shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

B, Requirements for Rivets 

I. PHYSICAL PROPERTIES AND TESTS 

14. Tension Tests. The rivets, if tested, shall conform to the 
requirements as to tensile properties specified in Section 5, except 
that the elongation shall be measured on a gage length not less 
than four times the diameter of the rivet. 

15. Bend Tests. The rivet shank shall bend cold through 180 
degrees flat on itself, as shown in Fig. 1, without fracture on the 
outside of the bent portion. 



•■;v "vv 



IM^ 
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Fig. 1 



Fig. 2 



16. Flattening Tests. The rivet heads shall flatten, while hot, to 
a diameter 2i4 times the diameter of the shank, as shown in Fig. 2, 
without cracking at the edges. 

17. Number of Tests, (a) If the results of the tension tests of 
the bars from which the rivets are made cannot be furnished, one 
tension test from each size in each lot of rivets offered for inspection 
shall be made. 

(6) Three bend and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection. 

II. WORKMANSHIP AND FINISH 

18. Workmanship. Rivets shall be true to form, concentric, and 
shall be made in a workmanlike manner. 

19. Finish. Rivets shall be free from injurious scale, fins, 
seams and other defects. 

III. REJECTION 

20. ReJectioB. Rivets which fail to conform to the requirements 
specified in Sections 14, 15 and 16 will be rejected and the manufac- 
turer shall be notified. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 



AFFILIATED WITH THE 



International Association for Testing Materials 



STANDARD SPECIFICATIONS 

For 

STEEL REINFORCING BARS 

Adopted June 1, 1912 

1. Classes, (a) There shall be three classes of steel reinforcing 
bars, namely: plain, deformed and cold-twisted. 

(6) Plain and deformed bars are of two grades, namely: 
structural steel and hard. 

2. Basis of Purchase, (a) The hard grade will be used only 
when specified. 

(6) If desired, cold-twisted bars may be purchased on the 
basis of tests of the hot-rolled bars before twisting, in which case 
such tests shall govern and shall conform to the requirements 
specified for plain bars of structural steel grade. 

I. MANUFACTURE 

3. Process, (a) The steel may be made by the Bessemer or 
the open hearth process. 

(6) Bars shall be rolled from new billets. No re-rolled material 
will be accepted. 

4. Cold-twisted Bars. Cold-twisted bars shall be twisted cold with 
one complete twist in a length not over 12 times the thickness of 
the bar. 



I 
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STANDARD SPECIFICATIONS 



5. 



II. CHEMICAL PROPERTIES AND TESTS 
Chemical Composition. The steel shall conform to the following 



requirements as to chemical composition: 

Phn«i^hr»nis^^^^®°^®r ^ot over 0.10 per cent. 

6. Ladle Analyses. To determine whether the material conforms 
to the requirements specified in Section 5, an analysis shall be made 
by the manufacturer from a test ingot taken during the pouring 
of each melt. A copy of this analysis shall be given to the purchaser 
or his representative. 

7. Check Analyses. A check analysis may be made by the pur- 
chaser from finished material representing each melt of open 
hearth steel and from each melt or lot of ten tons of Bessemer steel, 
in which case an excess of 25 per cent, above the requirements speci- 
fied in Section 6 shall be allowed. 



8. 



III. PHYSICAL PROPERTIES AND TESTS 
Tension Tests, (a) The steel shall conform to the following 



requirements as to tensile properties: 



Tbnsilb Propbrtibs 



Properties 
Considered 



Tensile strength 
lbs. per sq. in. 

Yield point, min. 
lbs. per sq. in. 

Elongation in 8 
in., min., per 
cent 



Plain Bars 



Structural 

Steel 

Grade 



56,000-70.000 80,00a min 



33,000 

1,400.000^ 
Tens. str. 



Hard 
Grade 



50,000 

1,200.000 ^ 
Tens. str. 



Deformed Bars 



Structural 
Steel 
Grade 



55,000-70,00080,000 min 



33,000 

1 ,250.000^ 
Tens. str. 



Hard 
Grade 



50,000 

1.000.000^ 
Tens. str. 



Cold- 
twisted 
Bars 



Recorded 
only 

55.000 



^See Section 9. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

9. Modifications in Elonaration. (a) For plain and deformed bars 
over Ji inch in thickness or diameter, a deduction of 1 from the 
percentage of elongation specified in Section 8 shall be made for 
each increase of 3^ inch in thickness or diameter above ^ inch. 



33 



CARNBQIE STEEL COMPANY 



(6) For plain and deformed bars under %$ inch in thickness 
or diameter, a deduction of 1 from the percentage of elongation 
specified in Section 8 shall be made for each decrease of Vi^ inch in 
thickness or diameter below %$ inch. 

10. Bend Tests, (a) The test specimen shall bend cold around 
a pin without fracture on the outside of the bent portion, as follows : 

Bbnd Tbst Rbquibbmbnts 



ThicknesB 

or 
Diameter 

of 
Bar 


Plain Bars 


Deformed Bars 


Cold- 
twisted 
Bars 


Structural 
Steel 
Grade 


Hard 
Grade 


Structural 

Steel 

Grade 


Hard 
Grade 


Under %in. . 
H in. or over . 


180 dog. 
d=t 

180 deg. 
d«t 


180 deg. 
d = 3t 

90 deg. 
d = 3t 


180 deg. 
dst 

90 deg. 
d=2t 


180 deg. 
d»4t 

90 deg. 
d=4t 


180 deg. 
d«2t 

180 deg. 
d"3t 



EzpLANATOBT NoTs: d—^he diameter of pin about which the specimen is bent. 

t— the thickness or diameter of the specimen. 

(6) Bend tests may be made by pressure or by blows. 

11. Test Specimens, (a) Tension and bend test specimens for 
plain and deformed bars shall be taken from the finished bars, and 
shall be of the full thickness or diameter of material as rolled; 
except that the specimens for deformed bars may be planed or turned 
for a length of at least 9 inches, if deemed necessary by the manu- 
facturer to obtain uniform cross-section. 

(b) Tension and bend test specimens for cold-twisted bars 
shall be taken from the finished bars, without further treatment; 
except as provided for in Section 2 (6). 

12. Number of Tests, (a) At least one tension and one bend 
test shall be made from each melt of open hearth steel and from 
each melt, or lot of ten tons of Bessemer steel. If material from 
one melt differs % inch or more in thickness or diameter, tests shall 
be made from both the thickest and the thinnest material rolled. 

(6) If any test specimen develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it may 
be discarded and another specimen substituted. 

13. Retests. If the results of the tension tests do not conform to 
the requirements specified in Section 8, a retest may be made. 
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IV. PERMISSIBLE VARIATIONS IN WEIGHT 
PermiBsible Variations. The weight of any lot of bars shall not 



14. 



vary more than 5 per cent, from the theoretical weight of that lot. 

V. FINISH 

15. Finish. The finished bars shall be free from injurious seams, 
slivers, flaws and other defects, and shall have a workmanlike 
finish. 

VI. INSPECTION 

16. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. 



35 



CARNEQIB STEEL COMPANY 



ORDERING MATERIAL 

General Instructions 

Structural steel for bridges, buildings and ships, steel reinforce- 
ment bars and open hearth boiler plate and rivet steel are rolled 
to permissible variations given in the specifications which precede. 
In cases of design which require close fitting, allowance should be 
made for such rolling variations so as to insure ample clearance 
between abutting or interfitting surfaces. 

All dimensions given on profiles are theoretical. Wherever the 
profile applies to more than one weight of section, the dimensions 
are for the minimum weight. 

Weights of rails are given per lineal yard of section, but unless 
otherwise indicated, all other weights are per lineal foot. Sections 
having but one weight specified can be rolled only to the weight 

giVQU. 

Structural Beams, H-Beams, Structural Channels, Shipbuilding 
Channels, Bulb Angles, Bulb Beams, United States Steel Sheet 
Piling, Tees and Zees should be ordered to weight per foot; Angles 
may be ordered either to weight per foot or to thickness. 

Orders for Plates should specify all dimensions in inches. 

Orders for Rounds, Squares and other Bar Mill Products 
should specify width and thickness in inches and the length in 
feet and inches. 

Rails, Ties and other track accessories should be ordered by 
section number and not by the weight per foot. The section 
number should also be specified on orders for all other sections. 

The Association of American Steel Manufacturers has recom- 
mended certain angle sections as standard for bridge, car, ship and 
general building construction, and quicker deliveries can be obtained 
by ordering these standard sizes and weights. Angles not standard 
are marked "special'' on the profile pages. 

In the calculation of the areas and weights of the various sections 
herein shown, the fillets have been disregarded in accordance with 
the rules of the Association of American Steel Manufacturers. 
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INCREASE IN SECTIONAL AREAS 




^VVVVV'v'.VV^'v^ 





VVVVVkkV^Vk^^kkkV^^kVV^kVkkVkk^^kVV^^^V^V^.V^^^^^^.^'vV^^^^^^^ 





^^?:^gy????g^^k^^vvm^^^^^^^ 






^^■t.iiLL^i.kaui.^k^kk^kk^'.vk^i.k^-v^kk^.^'vk^^^^^.^.vv^^v^^^^s.w^^^ 




The above figures show the method of increasmg the sectional a^eas and 
weights of structural shapes. Cross hatched portions represent the minimum 
sections and the blank portions the added areas. 

In the case of Channels, I-Beams and Bulb Beams, the enlargement of the 
section adds an equal amount to the thickness of the web and the width of 
the flanges. In the case of Angles and Zees, the effect of spreading the 
rolls is slightly to increase the length of the legs. Many of the sizes, however, 
are rolled in finishing passes whereby the exact dimensions are maintained 
for different thicloiesses. 

Inasmuch, however, as these passes are modified in the wear of the roUa, 
it is impracticable to stat3 what the exact dimensions will be, except in the 
case of the minimum weight sections. Designers and detailers of structural 
work should, therefore, arrange for ample clearances. 
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BEAMS AND CHANNELS 
Common Dimensions 




I 



JnU. 



b ==-|-h 3 0==3.82t— 0.10 

t =O.01126d+0.12 p, computed 

n =0.01875d+0.09 r=1.48t+0.02 
b— t 



Tl 
I 
I 

1 
I 



I 



m=^i- 



12 



R=16.78t— 0.66 



Slope of Flange, 1: 6=16%%=9 ° 27' 42" 




STRUCTURAL BEAMS 



T 



n=ininunuin web^> 
R==nimimum web + 0.10 

r = ^ TTiiniTmiTn web 

Jnu Slope of Flaiige, 1: 0=16%%=^ 27' 42*^ 





STRUCTURAL CHANNELS 




n=mmiiniim web =t 
R=]niimnum web + 0.10 
r = ^ minimum web 
Slope of Flange, 1:6 = 16%% = 9° 27' 42" 



All dimensions are in inches and apply only to the minimum weight Beams or Channels. 

Dimensions given for Structural Beams are those adopted in 1896, by the Association of 
American Steel Manufacturers and apply to all Beam Sections shown on the pages which follow, 
except the American Standard Beam Sections B 1, B 2 and B 3, Beam Sections B 24 and B 81, and 
Supplementary Beams B31 to B38, inclusive. 

Dimensions shown for Structural Channels are those adopted by the Association of American 
Steel Manufacturers and apply to all Structural Channel Sections except C20 
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8TRUCTUEAL BEAMS 

r — ^■»'"— -I 



|'B81 




^^ 


BeuQ, 
lucba 


4M' 


Fluige WidUi, 


"^^SJT- 


DmuuL Fnctioul 


Decimal Fnctioul 


.B31 


27 


83.0 


7.500 1 7M 


0.424 1 M 
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STRUCTURAL BEAMS— Continued 



^ 




0.60'- -i 



I 
I 



i 



3 B24 



I" 





— i 



i"e^ 



;3k- — 3.250 --*{ S 

r4 O 



Section 
Index 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Poilnds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


B24 
B 1 


24 
24 


115.0 
110.0 
105.0 

100.0 
95.0 
90.0 
85.0 
80.0 


8.000 
7.938 

7.875 

7.254 
7.L93 
7.131 
7.070 
7.000 


8 

7n 

7% 

7M 
•7ft 
7H 
7iV 
7 


0.760 
0.688 
0.626 

0.754 
0.693 
0.631 
0.570 
0.500 


ii 
H 

H 
H 
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STRUCTURAL BEAMS— Continued 





«. 


Dfpthof 


^^ 


n^™. 


WebTlicki™, 


DKinul 


Fnctioiu] 


DKinwt 


F[>ctiOHl 


•8 32 
*B33 


24 68.5 7.000 


6M 


0.390 


ft 
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STRUCTURAL BEAMS— Ck)ntinu6d 




§-^— 3.200*-- H 



I * 




— A 

* i '"iJ 

81^-2.875"-- »l § 



Section 
Index 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


B2 
B3 


20 
20 


100.0 
95.0 
90.0 
85.0 
80.0 

75.0 
70.0 
65.0 


7.284 
7.210 
7.137 
7.063 
7.000 

6.399 
6.325 
6.250 


7if2 
7il 
7A 
7i\, 
7 

6K 


0.884 
0.810 
0.737 
0.663 
0.600 

0.649 
0.576 
0.600 
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STRUCTURAL BEAMS— Continued 



B81 




14.492 

i 0.562 



T 




0.659 



-18' 



<o 



t... 



B80 

15.207'-- s 

i 0.460" 



T 



0.56 




0.28 



0.460 



0.922' 



I 



18" 



"0.427 



8 



Section 
Index 



B81 



B80 



*B34 



*B34 
13.932'- 



,1,0.322 



18- 



^.034^^ 
->rf -/-•*■ 




J- 



Depth of 
Beam, 
Inches 


Weight 

Per Foot, 

Pounds 


Flange Width, 
Inches 


Web ThicknflBB, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


18 

18 

1 

; 18 


90.0 
85.0 
80.0 
75.0 

70.0 
65.0 
60.0 
55.0 

46.0 


7.245 
7.163 
7.082 
7.000 

6.259 
6.177 
6.095 
6.000 

6.000 


7K 
7 

6 
6 


0.807 
0.725 
0.644 
0.562 

0.719 
0.637 
0.555 
0.460 

0.322 





* Supplementary Beam. 
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STRUCTURAL BEAMS— Continued 




"** ^.590* 



K— 




B5 



—11.749 » 



J, 0.590 ' 



-15 i 



0.35' 



B7 

-12.468" 



T 



-15'- 







t... 



B35 

-11.380'--- 
^0.289' 



0.371 



T 



15' 




Section 
Index 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


B 6 

B 7 
♦B35 


15 

15 
15 


75.0 
70.0 
65.0 
60.0 

55.0 
50.0 
45.0 
42.0 

36.0 


6.292 
6.194 
6.096 
6.000 

5.746 
5.648 
5.550 
5^500 

5.500 


m 

63=ir 
6 

5U 

5H 
5H 


0.882 
0.784 
0.680 
0.590 

0.656 
0.558 
0.460 
0.410 

0.289 


if 

H 

41 



Supplementary Beam. 
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STRUCTURAL BEAMS— Continued 




Section 
Index 


Depth of 
Beam. 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web ThicknesB, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


B 8 

B 9 
*B36 


12 

12 
12 , 


55.0 
50.0 
46.0 
40.0 

36.0 
31.5 

27.5 


5.611 
5.489 
5.366 
5.260 

5.086 
5.000 

5.000 


5gf 

5 
5 


0.821 
0.699 
0.576 
0.460 

0.436 
0.350 

0.266 





' Supplementary Beam. 
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STRUCTURAL BEAMS— Continued 

Bll 



^1 



S 



ji_ 




-7.959-— 
iO.SlO*' 



T 




0.19' 



0^10' 






iO-- 






I 

-i 



— >* 



0.277 




I 




"*1J^.290' 



B13 



7.085" 

10.290" 



0.627* 



.9- 




0.39" 



0.1"" 



Section 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


B 11 

♦B37 
B 13 


10 

10 
9 


40.0 
35.0 
30.0 
25.0 

22.0 

35.0 
30.0 
25.0 
21.0 


5.099 
4.952 
4.805 
4.660 

4.670 

4.772 
4.609 
4.446 
4.330 


5^ 

4}8 
Mi 

4« 
421 

m 

43i 


0.749 
0.602 
0.455 
0.310 

0.232 

0.732 
0.569 
0.406 
0.290 


H 
§1 
SI 

hi 



-' I 



* Supplementary Beam. 
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STRUCTURAL BEAMS— Continued 







♦B38 

-6.426--- 
10.210' 



T 




B17 



5.339 — 

i 0.250 "^ 



T 



ro.Z70' 




1.287 




S8;o.?3i' 

c4; 



0.240 



90 



- - — 8 - ' 



■iro.260' 






1"- 




Section 
Index 


Depth of 
Beam, 
Inches 


Wnight 

wrFoot. 

Founds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


B 15 

♦B38 
B17 


8 

8 

7 


25.5 
23.0 
20.5 
18.0 

17.5 

20.0 
17.5 
15.0 


4.271 
4.179 
4.087 
4.000 

4.330 

3.868 
3.763 
3.660 


4tt 
4tt 
4A 
4 

4ii 

3% 
3JI 
38i 


0.541 
0.449 
0.357 
0.270 

0.210 

0.458 
0.353 
0.250 


II 

H 



' Supplementary Beam. 
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STRUCTURAL BEAMS— Concluded 




"^ *o^o' 



I \ M 

r 



2.717----.1 
iO.190"^ ' 



K- — 



4» ^ 




^•o-m' 



0.M0' 



± 



K- 3' ^ 



Section 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


- Fractional 


B19 
B21 

B23 

B77 


6 
5 

4 

3 


17.25 
14.75 
12.25 

14.75 

12.25 

9.75 

10.5 
9.5 
8.5 
7.5 

7.5 
6.5 
5.5 


3.575 
3.452 
3.330 

3.294 
3.147 
3.000 

2.880 
2.807 
2.733 
2.660 

2.521 
2.423 
2.330 


3gJ 
3|| 
38i 

3M 
3i?* 
3 

2^ 

2Jl 
28J 

2gi 
2*i 

2H 


0.475 
0.352 
0.230 

0.504 
0.357 
0.210 

0.410 
0.337 
0.263 
0.190 

0.361 
0.263 
0.170 


H 

H 
H 

H 
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H-BEAMS 




I 



% 

o 



OJSisT^ 



T 



^k 



H4 



t 









HI 



§K-l.»"~>if 



Section 
Index 


D^thof 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness. 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


H4 
H3 
H2 
H 1 


8 
6 
5 

4 


34.0 
23.8 
18.7 
13.6 


8.000 
6.000 
5.000 
4.000 


8 
6 
5 
4 


0.376 
0.313 
0.313 
0.313 


Vs 

n 
IB 



H-Beams shown on this sheet are particularly adapted for use in inside mine timbering. Full 
information as to their properties ana uses is given in separate pamphlets entitled "Steel Mine 
Timbers. " 
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BULB BEAMS 




Jl 



Section 
Index 



*B 100 
*B 101 
*B 102 
*B 103 
«B 105 



Depth, 
Inches 



Weuht 

per Foot, 

Founds 



10 
9 
8 
7 
6 



36.6 
28.1 
30.1 
24.3 
24.2 
20.0 
23.3 
18.1 
17.2 
14.0 



Flange Width, 
Inches 



Decun&l I Fractional 



5.500 
5.250 
5.125 
4.938 
5.156 
5.000 
5.094 
4.875 
4.524 
4.375 



5H 

5H 
41« 

6A 
5 

6^ 
4J^ 

4!iJ 

4H 



Web Thickness, 
Inches 



Decimal Fractional 



Increase in web 
and width for 
each additional 
pound per foot 



I 



0.625 
0.375 
0.563 
0.375 
0.469 
0.313 
0.531 
0.313 
0.430 
0.281 



» 

H 
H 
A 



0.029 
0.033 
0.037 
0.042 
0.049 



* Furnished only by special arrangement. 
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BULB SECTIONS 



BULB ANGLES 




Section 
Index 


Depth, 
Inches 


Weight 

per Foot, 

Pounds 


Flan«e Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


*B 130a 
*B 130 
*B 131 
*B 132 
*B 141 
*B 133 
*B 140 


10 

10 

9 

8 

7 
7 
7 


32.0 
26.6 
21.8 
19.3 
20.0 
18.3 
16.1 


3.500 
3.500 
3.500 
3.500 
3.000 
3.000 
3.000 


3H 

3H 
3 
3 
3 


0.625 
0.484 
0.438 
0.406 
0.500 
0.438 
0.344 





* Furnished only by special arrangement. 
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BULB ANGLES— Concluded 



r^,^' 




Section 
Index 


Depth, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


*B 134 
*B 142 
*B 136 
*B 136 
*B137 
*B122 
♦B123 


6 
6 
6 
6 
6 
4 
4 


17.3 
16.0 
13.8 
12.4 
10.0 
14.3 
11.9 


3.000 
3.000 
3.000 
3.000 
2.600 
3.600 
3.500 


3 
3 
3 
3 

3H 


0.600 
0.406 
0.376 
0.313 
0.313 
0.600 
0.376 


hi 
H 
A 
A 
H 
H 



* Furnished only by special arrangement. 
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STRUCTURAL CHANNELS 



SeMion 


Si,? 


Weight 
per Fool, 
Pounds 


"XE"- 


Web Thick noa. 




Dedmsl 


rtMlUmjl 


D«im»l 


K™tioi*l 












































Ol 


15 






li 


n42fi 




























701 


























t^ 
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STRUCTURAL CHANNELS— Continued 






L. 




-0.38' 



^- %.28a^ 



02 

■9.910--. 



g 0.280' 



— r 

12* — 




0.72S* 



o.u' 




03 

•8.158*' .>| 

^0.240* 



T 



10' 




Section 
Index 


Depth of 

Channel, 

Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thicknifls, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


02 
03 


12 
10 


40.0 
35.0 
30.0 
25.0 
20.5 

35.0 
30.0 
25.0 
20.0 
15.0 


3.418 
3.296 
3.173 
3.050 
2.940 

3.183 
3.036 
2.889 
2.742 
2.600 


m 
m 

2H 
3^ 

2iJ 
251 

2ii 


0.758 
0.636 
0.513 
0.390 
0.280 

0.823 
0.676 
0.529 
0.382 
0.240 


1! 

n 

U 
II 

it 

hi 

H 
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CHANNELS 



STRUCTURAL CHANNELS - Continued 



I 



I 
I 

A. 



-1^0.14* 




C4 

7.247-- 



i 0.250' 



-^9' 





~1 1^250' 



C5 

!«.___ 6J38 

'0.32* 



J 0.220"' 



I 




1 I 




C6 



--6.429' 



10.210' 




0.210* 






--A 



Section 
Index 



04 



C6 



C6 



Depth of 
Channel, 


Weight 

per Foot, 

Founds 


Flange Width, 
Inches 


Web Thickness, 
Inches 


Inches 


Decimal 


Fractional 


Decimal 


Fractional 




26.0 


2.815 


2il 


0.615 


IS 


9 


20.0 


2.652 


m 


0.452 


11 


15.0 


2.488 


2gi 


0.288 


i^ 




13.25 


2.430 


2i^5 


0.230 


n 




21.25 


2.622 


2% 


0.582 


il 




18.75 


2.530 


m 


0.490 


u 


8 


16.25 


2.439 


2^ 


0.399 


41 




13.75 


2.347 


2H 


0.307 


^ 




11.25 


2.260 


24i 


0.220 


A 




19.75 


2.513 


2ii 


0.633 


u 




17.25 


2.408 


2if 


0.528 


45 


7 


14.75 


2.303 


2il 


0.423 


n 




12.25 


2.198 


2hl 


0.318 


A 




9.75 


2.090 


2A 


0.210 


4f 
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CARNEQIB STEEL COMPANY 



STRUCTURAL CHANNELS— Concluded 



ft 
I 




C7 



4.518' 



"^ 1*0.200' 



• — i 



10.200^ 







3|r~j^0.1l' C 8 

{!l \ ^ 3.609^ 

7 V|0-29'^ J.0.190 



* I 



|< 5^ ^ 




1 I Vio.28- 



09 

2.700- ^ 



foiiso' 



ao.180 i 




""f I 



0.41S' 



C72 -,fo:i7o' 

-T— fto.io*' H-%t 

G \ K~1.789^-*I / I 

^ V;0-27^0.l7gU, J, 
du-j ,^ 10^77* 



Section 
Index 


Depth of 

Channel, 

Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickniw, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


C 7 

O 8 
C 9 
72 


6 

6 
4 
3 


15.5 

13.0 

10.5 

8.0 

11.5 
9.0 
6.5 

7.26 
6.25 
5.25 

6.0 
5.0 
4.0 


2.283 
2.160 
2.038 
1.920 

2.037 
1.890 
1.750 

1.725 
1.652 
1.580 

1.602 
1.504 
1.410 


2A 
2A 

l«l 
2^ 

m 

m 
m 

m 

145 


0.563 
0.440 
0.318 
0.200 

0.477 
0.330 
0.190 

0.325 
0.252 
0.180 

0.362 
0.264 
0.170 


H 
H 

n 

H 
H 

12 
U 
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CHANNELS 



SHIP BUILDING CHANNEI£ 




Section 
Indu 




», 


FlingeWidUi, 


^-^^^ 




DtdDuL 


Fncti»»l 


Dedmid 


Fnetioul 






500 


4140 


4ft 


0.840 


!l 










4.100 








11 






4f 


3 


4.050 




1 


760 




O170 




44 








( 


700 


11 


















it 






B5 





3.773 


311 





473 


H 











4.oei 


^A 





741 


H 


O160 


10 


36 


9 


4.000 


4 

ail 






650 

578 












3.S60 , 3!J 






H 






:jo 


U 


3.797 


311 


" 


447 


11 



CARNBQIB STEEL COMPANY 



SHIP BUILDING CHANNELS-Continued 



10.480*' 



I 
I 



S 

•0 



A-. 




C150 

- 8.126'' 

10.500'' 



10' 



T 




r' Pi 0.30' 



I 



J... 






hO.40'' 

1 



C150b 



8.279' 



10^5' 



10' 



1 



I 



0.406* 

"J 
I 



0.460* 



I 
I 

s 

•S 

I 

I 
I 

I 
I. 



roi 



0.30' 



k--i 0.40* 



C140 



-6.824^ 



x0.4S0' 



9-!^ 



1. 



•0.600* 



07700' 



Section 
Index 


Depth of 

Channel, 

Inches 


Weight 

per Foot, 

Poiindfl 


Flange Width, 
Inches 


Web ThiHmnn, 
Inches 


Decunal 


Fractional 


Decimal 


Fractional 


O150 
C 160b 
O140 


10 

10 

9 


30.6 
28.9 
27.2 

21.8 

34.7 

31.7 
28.6 


3.600 
3.550 
3.500 

3.375 

4.000 
3.900 
3.800 


3&S 
3g} 
3H 

4 
38i 


0.600 
0.560 
0.500 

0.375 

0.660 
0.550 
0.4o0 


U 

H 

H 

H 
II 
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CHANNELS 



SHIP BUILDING CHANNELS— Continued 



f 
I 
I 
I 

eo' 



t._ 



f^ 



0.30' 



QO-35' 



C130 



0.416' 



•-»i 



; 10.475" 



(* 6.262- * 




w 



0.~5i25 



n 



, gl 



I 
I 
I 
i 




'^0.30*" 



I 

I 
I 
I 

i. 



0.3«' 



C 131 



6.209 1 



10.844' 



0120 
- 6.262' 




8- 



I 10.476* 



H 

iO.480*' I. 



T 



"T 



I 
I 



0Ji26' 



Section 


Depth of 

Channel, 

Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web ThickneflB, 
Inches 




Decimal 


Fractional 


Deoimal 


Fractional 


C130 

131 
C120 


8 

8 
7 


26.6 
26.2 
23.8 
21.6 

17.6 

23.3 
22.1 
20.9 


3.600 
3.550 
3.500 
3.415 

2.876 

3.660 
3.600 
3.460 


3H 
3ii 
3H 
321 

2H 

m 

3il 


0.600 
0.660 
0.600 
0.416 

0.344 

0.660 
0.600 
0.460 


H 

n 

H 

IS 

H 
§1 
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CARNEQIB STEEL COMPANY 



SHIP BUILDING CHANNELS— Continued 




C121 

— 5.462^ 

10.313^ 



"1 km" 



^-^■ 



< — 



«i 



t4 

I 
I 
I 

0.425' 



■k.^ 




I 
I 
If- 



C IIQ 



1 !o.460'' 



m 



4.451 



X 0.410 



0.530 






!\0.30 






X . , 



C 109 



;o.25r 



- 4.691*- 



-1 ^ « 
1 10.340 



A 0.350 



1 



I 
I 



I 
— Jt « 
0.410 



6"- 






Section 
TndpjT 


Depth of 

Cnannel, 

Inches 


Weight 

por Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


121 

Olio 
C109 


7 

6 
6 


18.6 
16.5 
15.6 

21.5 
19.0 

15.0 


3.438 
3.350 
3.313 

3.685 
3.560 

3.500 


m 

3A 

3H 
3^ 


0.438 
0.350 
0.313 

0.535 
0.410 

0.350 


til 
A 

H 
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CHANNELS 



SHIP BUILDING CHANNELS— Concluded 




€107 



— -4.084 ♦. 



0.50 



i0.313 I 



•« 



T 

.._6-': 




O) 



! '0,303*' 




I 

I 



n:jfi.ir 



o 



A.. 



*C 200 



-M K 
I ' 



n 



!«■ 2.665 ^ 

I I 

1,0.28'' lO.SOO^v , 






0.469 

I 

I 

ft" 



N 



0.531 



•4- ^ 



i 



* 



.0.13 



-*, r0.313 



*C190 

f -1.660^. 

O.25I 0.25^^ 



«<■ 



¥■ 



t 



0.438 



-> 



■= 

Section 
Index 


Depth of 

Channel, 

Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


C107 

C108 
*C200 
*C190 


6 

6 
4 
3 


18.1 
13.0 

12.6 

13.6 

7.1 


3.063 
2.813 

2.563 

2.500 

1.984 


2A 

2H 


0.563 
0.313 

0.313 

0.500 

0.25 


A 
^ 

A 

H 

K 



* Furnished only by special arrangement. 
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CARNEaiE STEEL COMPANY 



T 



CO 






EQUAL ANGLES 



■8'- 



H— 



A 113 

to 
A 103 



to 



Section Index 



A 113 
A 112 
A 111 
Alio 
A 109 
A 108 
A 107 
A 106 
A 105 
A 104 
A 103 



A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



86 
87 
1 
2 
3 
4 
5 
6 
7 
8 
88 



*A 94 

*A 95 

*A 9 

*A 10 

*A 11 

♦A 12 

*A 13 

*A 14 

*A 15 

*A 16 

*A 17 



-6 

A. 



1 — ^/'i 



"W 



3 






A86 

to 

ASS 






♦a 94 

to 
♦A 17 






\ 


Sue 


> 


Thickness, 


Weight per Foot, 


Inches 


Inches 


Founds 


8 


X 


8 


IH 


56.9 


8 


X 


8 


l^ 


54.0 


8 


X 


8 


1 


51.0 


8 


X 


8 


II 


48.1 


8 


X 


8 


45.0 


8 


X 


8 


II 


42.0 


8 


X 


8 


38.9 


8 


X 


8 


II 


35.8 


8 


X 


8 


32.7 


8 


X 


8 


h 


29.6 


8 


X 


8 


26.4 


6 


X 


6 


1 


37.4 


6 


X 


6 


II 


35.3 


6 


X 


6 


33.1 


6 


X 


6 


\% 


31.0 


6 


X 


6 


Ya, 


28.7 


6 


X 


6 


II 


26.5 


6 


X 


6 


24.2 


6 


X 


6 




21.9 


6 


X 


6 


14 


19.6 


6 


X 


6 


/, 


17.2 


6 


X 


6 


% 


14.9 


5 


X 


5 


1 


30.6 


5 


X 


5 


II 


28.9 


5 


X 


5 


27.2 


5 


X 


5 


U 


25.4 


6 


X 


5 




23.6 


5 


X 


5 


u 


21.8 


5 


X 


5 


% 


20.0 


5 


X 


5 




18.1 


5 


X 


5 


y^ 


10.2 


5 


X 


5 


ti 


14.3 


5 


X 


5 


12.3 



* Special, see page 36. 
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ANGLES 



EQUAL ANGLES— Continued 



K-% 



T 



Vi,' 



♦A 18 

to 
*A284 



09 



*— 



\...]J 






* A26 

to 
*A285 



f*—' 



eo 



t..V 



3 

1 



*A34 
to 
A 40 



I 
I 

3^ 



*Se(Ttion Index 


Sise, 
Inches 


Thickneas, 
Inches 


Weight per Foot, 
Pounds 


♦A 18 


4x4 


iS 


19.9 


A 19 


4x4 


% 


18.5 


A 20 


4x4 


tt 


17.1 


A 21 


4x4 


H 


15.7 


A 22 


4x4 


A 


14.3 


A 23 


4x4 


H 


12.8 


A 24 


4x4 


A 


11.3 


A 25 


4x4 


% 


9.8 


A 90 


4x4 


A 


8.2 


♦A 284 


4x4 


H 


6.6 


*A 26 


3Hx3H 


H 


17.1 


♦A 27 


3Hx33^ 


% 


16.0 


♦A 28 


3Hx3H 


tt 


14.8 


A 29 


3Hx33^ 


K 


13.6 


A 30 


3Hx3^ 


A 


12.4 


A 31 


3Hx33^ 


H 


11.1 


A 32 


3Hx33^ 


f« 


9.8 


A 33 


3Hx3H 


H 


8.5 


A 99 


3HX3H 


A 


7.2 


*A285 


3Hx3H 


^ 


5.8 


*A 34 


3x3 


H 


11.5 


*A 35 


3x3 


A 


10.4 


A 36 


3x3 


H 


9.4 


A 37 


3x3 


A 


8.3 


A 38 


3x3 


M 


7.2 


A 39 


3x3 


A 


6.1 


A 40 


3x3 


M 


4.9 



* Special, see page 36. 



63 



CARNEQIE STEEL COMPANY 



EQUAL ANGLES— Concluded 



2H- 



1 


i • 


J^ 


f T W 


1 

• 
1 


* A46 
*A504 


Li 





eg 



t...U 



*A56 
^ to 
*A506 



t.„ 



1 i 


*A61 
l^ *A507 



r 






T.-.i; 



*A66 
to 

A 102 









A 70 
* to 
*A73 



r-l 



X.. 




Section Index 

1 


Si«e, 
Inches 


Thicknefls, 
Inches 


W«ght per Foot, 
Founds 


*A 46 


2Hx2^ 


H 


7.7 


A 47 


2Hx2i^ 


t^ 


6.8 


A 48 


2y2x2}4 


Vs . 


5.9 


A 49 


2Hx2J^ 


P. 


' 5.0 


A 50 


2Hx2i^ 


4.1 


A 100 


23^x2J^ 


A 


3.07 


♦A 504 


23^x21^ 


H 


2.08 


*A 56 


2 X 2 


A 


5.3 


A 57 


2x2 


Vs 


4.7 


A 58 


2x2 


A 


3.92 


A 59 


2x2 


H 


3.19 


A 60 


2x2 


A 


2.44- 


*A506 


2x2 


H 


1.65 


*A 61 


15^x1!^ 


A . 


4.6 


*A 62 


li^xlM 


H 


3.99 


*A 63 


15^x1^ 


A 


3.39 


*A 64 


IMxl^ 


H 


2.77 


*A 65 


1^x1^ 


A 


2.12 


*A 507 


IH X IH 


H 


1.44 


*A 66 


IHxm 


% 


3.35 


A 67 


VAxUA 


A 


2.86 


A 68 


lHxl3^ 


H 


2.34 


A 69 


iHxlH 


A 


1.80 


A 102 


iMxlH 


Vs 


1.23 


*A 70 


IMxl^ 


A 


2.33 


*A 71 


IMxlM 


M 


1.92 


*A 72 


l^xlM 


A 


1.48 


*A 73 


l^xlM 


H 


1.01 


*A 78 


1 X 1 


M 


1.49 


*A 79 


1x1 


A 


1.16 


*A 80 


1x1 


H 


0.80 



* Special, see page 36. 
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1 



ANGLES 



UNEQUAL ANGLES 



oo 



LU 



J ^ 



LJ Mi 



^ 



* A138 

to 
*A 139 



00 






C^F^ 



:)v 



*A 320 

to 
*A329 



t...U 






r]y,"^%' 



Z) 



* A150 

to 
*A310 



Section Index 



♦A 138 
♦A 137 
♦A 136 
*A135 
*A134 
♦A 133 
♦A 132 
♦A 131 
♦A 130 
♦A 139 

♦A 320 
*A321 
♦A 322 
♦A 323 
♦A 324 
*A325 
♦A 326 
*A327 
♦A 328 
♦A 329 

*A150 
♦A 151 
*A152 
*A153 
*A154 
*A155 
*A156 
*A157 
*A158 
*A 159 
*A310 



Sue, 
Inches 



8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 



X 

X 
X 
X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 



6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

3H 

3^ 
3^ 
3^ 
3H 
3H 
3H 
33^ 
33^ 
^Yl 

3H 
3^ 
3V^ 
3^ 
3^ 
3^ 
3^ 
3J^ 

3H 
3^ 

3H 



Thickness, 
Inches 



1 

H 



1 



t 



5l 



Weight per Foot, 
Founds 



44.2 
41.7 
39.1 
36.5 
33.8 
31.2 
28.5 
25.7 
23.0 
20.2 

35.7 
33.7 
31.7 
29.6 
27.5 
25.3 
23.2 
21.0 
18.7 
16.5 

32.3 
30.5 
28.7 
26.8 
24.9 
23.0 
21.0 
19.1 
17.0 
15.0 
13.0 



* Special, see page 36. 
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CARNEGIE STEEL COMPANY 



UNEQUAL ANGLES— Continued 






L-U 



4 ^ p_ 

_^ I I 






*A89 
to 

A 168 



y T 



3>^- ^ K 4" ^ 



<o 



(T^'k' '% 



Z? T 



! — ' y% 



♦A 92 

to 
*A301 



L/ 



/TT^^ 



::? 



'10 



% 



*A178 

to 
*A186 



Section Index 


Size, 


Thickness, 


Weight per Foot, 




Inches 


Inches 


Founds 


*A 89 


6x4 


1 


30.6 


*A 91 


6x4 


« 


28.9 


A 160 


6x4 


27.2 


A 161 


6x4 


II 


25.4 


A 162 


6x4 


23.6 


A 163 


6x4 


H 


21.8 


A 164 


6x4 




20.0 


A 165 


6x4 


A 


18.1 


A 166 


6x4 


U 


16.2 


A 167 


6x4 


1^ 


14.3 


A 168 


6x4 


Vb 


12.3 


*A 92 


6 X 3H 


1 


28.9 


*A 93 


Q X 314 


n 


27.3 


A 169 


6 X 3H 


25.7 


A 170 


6 X SH 


H 


24.0 


A 171 


6 X 3H 


M 


22.4 


A 172 


6 X 3H 


H 


20.6 


A 173 


6 X 3H 
6x3^ 

6x3^ 


% 


18.9 


A 174 


A 


17.1 


A 175 




15.3 


A 176 


6 X 31^ 


U 


13.5 


A 177 


6 X 3»^ 


11.7 


*A301 


6 X 3M 


A 


9.8 


*A 178 


5x4 


K 


24.2 


*A179 


5x4 


U 


22.7 


*A 180 


5x4 


H 


21.1 


*A 181 


5x4 


H 


19.5 


*A 182 


5x4 


Vs 


17.8 


*A183 


5x4 


g 


16.2 


*A 184 


5x4 


H 


14.5 


*A 185 


5x4 


j\ 


12.8 


*A186 


5x4 


H 


11.0 



* Special, see page 36. 
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ANGLES 



UNEQUAL ANGLES— Continued 



»o 



' ^r 



s'— 



Ph; 'm: f 



*A187 
to 
A96 



ay: -"Yis 



*A 196 V 

to '^ 

A 280 



9 r 3'- — 



CW^^ 



*A204 

to 
♦A 97 



6 



v 






L. 



*A212 

to 
*A98 



6 



Section Index 


Size, 


Thicknefm, 


Weight per Foot, 


9iJ\^^d m»\fMA ^MMSM\Hm 


Inches 


Inches 


Pounds 


*A 187 


5 X 3J^ 


Vk 


22.7 


*A 188 


6 X 3>^ 


\ 


21.3 


A 189 


5 X 3H 


19.8 


A 190 


6 X 33^ 


\\ 


18.3 


A 191 


6 X 3>4 


% 


16.8 


A 192 


5 X 3K 


A 


15.2 


A 193 


5x31^ 


Yi 


13.6 


A 194 


5 X 3H 


% 


12.0 


A 195 


5 X 3H 


10.4 


A 96 


5 X 3H 


A 


8.7 


*A196 


5x3 


ii 


19.9 


*A 197 


5x3 


% 


18.5 


A 198 


5x3 


\\ 


17.1 


A 199 


5x3 


% 


15.7 


A 200 


5x3 


A 


14.3 


A 201 


5x3 


H 


12.8 


A 202 


5x3 


A 


11.3 


A 203 


5x3 


% 


9.8 


A 280 


5x3 


IB 


8.2 


*A204 


4H X 3 


13 


18.5 


*A205 


4H X 3 


^ 


17.3 


*A206 


4^ X 3 


U 


16.0 


*A207 


4H X 3 


y% 


14.7 


*A208 


4H X 3 


A 


13.3 


*A209 


41^ X 3 


H 


11.9 


*A210 


4H X 3 


£« 


10.6 


*A211 


4^ X 3 


y% 


9.1 


*A 97 


4J^ X 3 


A 


7.7 


*A212 


4 X 3H 


\% 


18.5 


*A213 


4 X 3H 


Ya, 


17.3 


*A214 


4 X 3J^ 


w 


16.0 


♦A 215 


4 X 3H 


y% 


14.7 


*A216 


4 X 3H 


A 


13.3 


♦A 217 


4 X 3H 


H 


11.9 


♦A 218 


4 X 3H 


A 


10.6 


♦A 219 


4 X 3H 


% 


9.1 


*A 98 


4 X 3H 


A 


7.7 



* Special, see page 36. 
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CARNEGIE STEEL COMPANY 



UNEQUAL ANGLES— Continued 



r 2M"-- *, 



■ i_ 



*A220 
to 

*A 283':? 



CO 



:?. 



CO 

I 

* A 229 

to 
*A286 



P§le' ^^^" - 2%';--*: 



*A238: 

to .! 

A 245 « 



I.. 



(^^^^^ 



■Me '^* r— 2--->; 



*A252 
to 

A 257 '« 



\.. 



/TT 



*A258 

to 
*A262 



L' 



Section Index 



*A220 
*A221 
*A222 
A 223 
224 
225 
226 
227 
228 



A 
A 
A 
A 
A 



*A283 

*A229 

♦A 230 

*A231 

*A232 

A 233 

A 234 

A 235 

A 236 

A 237 

♦A 286 

*A238 
♦A 239 
♦A 240 
A 241 
A 242 
A 243 
A 244 
A 245 

*A252 
♦A 253 
A 254 
A 255 
A 256 
A 257 

♦A 258 
*A259 
*A260 
*A261 
*A262 



Size, 
Inches 



4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

3H 
3H 
3H 
3H 
3^ 

3J^ 
3H 
3H 
3>^ 

3H 
3H 
3^ 
3H 
3H 
3^ 
3H 
3M 

3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 



3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2J^ 
2>^ 
2^ 
2H 
23^ 
2H 
2J^ 
2J^ 



x2J^ 

x2H 
x2}^ 
x23^ 
x2>^ 
x2H 



X 
X 
X 

X 
X 



2 
2 
2 
2 
2 



Thickness 
Inches 



8 



A 
M 



^ 



H 



Weight per Foot, 
Founds 



17.1 

16.0 

14.8 

13.6 

12.4 

11.1 

9.8 

8.5 

7.2 

5.8 

15.8 

14.7 

13.6 

12.5 

11.4 

10.2 

9.1 

7.9 

6.6 

5.4 

12.5 
11.5 
10.4 
9.4 
8.3 
7.2 
6.1 
4.9 

9.5 
8.5 
7.6 
6.6 
5.6 
4.5 

7.7 
6.8 
5.9 
6.0 
4.1 



* Special, see page 36. 
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ANGLES 



UNEQUAL ANGLES— Concluded 



4" 

i 

I 

C4 



X...V 



T 



W 



*A264 

to 
*A523 






t.. 



■ k 



T 



3 



Me 



A 610 
to 

A 612 






■ 
I 
I 
I 



*A270 

to 
*A275 






* • 


* A 631 
to 

*A 525 






94 



i...U 



"TMe" 

*A646 

and 
*A645 



I 

t ! 

St 

y-t 

I 
I 
( 

t...JJ 



t 



T^,v 



*A618 

* to 
*A620 









Me 

♦A670 
to 

*A624 



Section Index 


Sise, 
Inches 


Thickness, 
Inches 


Weight per Foot, 
Pounds 


*A264 


2Hx 2 


H 


6.8 


♦A 265 


2Hx 2 


A 


6.1 


A 266 


2Hx 2 


H 


5.3 


A 267 


2Hx 2 


A 


4.5 


A 268 


2Hx 2 


M 


8.62 


A 269 


2Hx 2 


A 


2.75 


*A523 


2Hx 2 


H 


1.86 


♦A 610 


2HxlH 


A 


3.02 


*A611 


2^xlH 


M 


3.19 


*A612 


2HxlH 


A 


2.44 


♦A 270 


2>ixlH 


H 


5.6 


*A271 


2MxlH 


A 


5.0 


*A272 


2MX1H 


H 


4.4 


*A273 


2Mxl3^ 


A 


3.66 


*A274 


2MxlH 


M 


2.08 


*A275 


2Mxl3^ 


A 


2.28 


*A631 


2 xl>^ 


H 


3.00 


*A614 


2 xlH 


A 


3.30 


*A615 


2 xlH 


M 


2.77 


*A616 


2 xlH 


A 


2.12 


♦A 525 


2 xl>^ 


H 


1.44 


*A646 


2 xl>i 


M 


2.55 


*A645 


2 xl>i 


A 


1.96 


♦A 618 


IMxlM 


M 


2.34 


*A619 


iH^m 


A 


1.80 


*A 620 


IJixlM 


H 


1.23 


*A670 


IJ^xlM 


A 


2.59 


*A623 


IHxlM 


K 


2.13 


*A624 


IHxlM 


A 


1.64 



* Special, see page 36. 
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CARNEGIE STEEL 



r •:--■ -1., r- 






1 


i »l — 


■x. 1 f 




^fw-< 




■u. ' 


'- 


Tl 




T2 


L_„ 


i^ 





1 ' !*^ 1 iP 


! 


:?*6'- 1 


? 


T4 


- 


*^ 



te^^* 





8i»,Inoha. 


ThicbiHi, iDchea 


Z'^i 




Fl«e8 


Stan 


Fla.«. 


SMd 


X^l 


Tl 
T2 

T3 

T6 
T7 
T8 
TO 


4 
3H 

3 


4 

3H 

3 

3 


MtoA 
WW A 
MtoA 


MtoA 
MtoA 
N to A 
^toA 
A toH 
HtoA 
AtoiSi 


ii 


5 
7 

9 
B 

8 



TEES 



EQUAL TEES— Concluded 



2U — •. 

- I -I 
: » ' vt 





"^He 



>w 



Vi 







>{ 
o 



Se 



» 2 • ^'l- 

T 15 









■1^2 



j.-l^-. 



'^ 



^ 



•^16 



f-t 






T16 



:s 



?32 



T17 



M 






;? 



t.. 



"82 



T18 



t... J I T 19 












1" 



7 T 20 *--H,T 21 




% 



Section 
Index 



T 
T 
T 
T 
T 
T 
T 
T 
T 
T 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 



T20 
T21 
T22 



Size, Inches 



Flange 



2H 

2^ 

2H 

2H 

2 

2 

IH 

IH 

IH 

IH 

IH 

1 

1 



Stem 



2H 

2H 

2M 

2H 

2 

2 

IJi 

IH 

IH 

IK 

IM 

1 

1 



Thickness, Inches 



Flange 



7 



M to 
A to 
Mto 
Mto 
Kto^ 

M to A 
A to ^ 
A to /, 
Hto^, 



R 



5 



Stem 



A 

H 

H 



to A 
to 5^ 
toK 
to A 
to^ 
to A 
to A 
to A 
to /, 
to A 
to A 
to A 
to A 



Weight 

per Foot, 

Pounds 



6.4 

5.5 

4.0 

4.1 

4.3 

3.56 

3.09 

2.47 

1.94 

2.02 

1.59 

1.25 

0.89 
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CARNEQIE STEEL COMPANY 



UNEQUAL TEES 




jfc 5 _ - 





■-r 



4%'-- 






eo 



4. 



^%" 



T 54 



% 



^ 



^ 



r„# 



4^ ^ 



t-^^^^ 



I 

eo 
I 
I 
I 
I 
I 



T 53 






tp 



Section 


Sise, Inches 


Thickness, Inches 


Weight 

per Foot, 

Pounda 


Index 


Flange 


Stem 


Flange 


Stem 


T50 
T51 
T52 
T54 
T63 


5 
6 

4H 
4H 
4H 


3 

2H 

3H 

3 

3 


>^to A 
Hto A 
Ato A 
Hto A 
AtoH 


iltoH 
Atoli 

HtoA 
Ato^ 


13.4 

10.9 

15.7 

9.8 

8.4 
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TEES 



UNEQUAL TEES— Continued 



K- — 



m- 



KS 






CM 



I 



-M 



■1 






T56 






-4%- 



I 



IE. 



% 



L..U 



•-• 



-~*i 



r-^ 



% 



'•XT 



T55 




lO 



I 
t. 



L-IW 



J 



-^Vi'^ 



T67 





-y^'. 




Section 


Sixe, Inches 


Thickness, Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 


Stem 


Flange 


Stem 


T56 
T56 
T67 
T58 
T59 
T60 


4H 

4K 

4 

4 

4 

4 


2H 

2H 

6 

6 

4H 

4H 


H to A 
Ato^ 

Hto A 
HtoA 
Hto A 
Hto A 


J^toA 
Ato^ 

Hto A 
Hto A 
Hto A 
^to A 


9.2 
7.8 
15.3 
11.9 
14.4 
11.2 
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CARNEQIE STEEL COMPANY 



UNEQUAL TEES— Continued 




^6-3/^' 



T66 




I 
I 
I 
I 



T44 







t 

I 



T67 



'•-% 






Section 


Siae, Inches 


ThickneaB, Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 


Stem 


Flange Stem 


T61 
T44 
T62 
T63 
T64 
T66 
T66 
T67 


4 

4 

4 

4 

4 

4 

3H 

3H 


3 
3 

2H 
2H 
2 
2 

4 

4 


Hto^B 
AtoH 
Hto A 
Ato ^^ 
H to t'h 
AtoH 
Hto A 

i^tOT^B 


Hto A 
AtoJ^ 
^^toA 
AtoM 

HtO/ff 

t\ to ^ 

H to ^B 

^to A 


9.2 

7.8 
8.5 
7.2 
7.8 
6.7 
12.6 
9.8 
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■■J. 


^ 




>— U 


■iS If 


L--U.JJ 1 


* 






1 4^^' 1 




T69 


« 


T70 




T71 


'■: 


14-^ 


--U 


i....Lj 








\ ""T *!. 


, 


• L 


-^ 




w 






T72 




H 


T74 




- 






-^ 


; 


f s" ;•: 


r ■■■'"■- i =1 




, 


Hj 


^ 1 f 

.pM" 


L 


-T, 


p^-*^ 


t 


T 


^■■f 


- 


T7B 






T76 




' 


T77 


-. 






^'/ 






-"» 


-■ 


ISr 


Biw, India 




Thickii»,lDcl» 


1 .S* 


FUng. 


stem 


ruw 


B^ 


1 fJS 


TS9 


3« 


3 


Mto A 






3>i 








f 






3H 




AtoM 


H 






T73 






MW A 


















u 










HtoA 


HWf, 






T75 




3M 


Mto A 


3^ toft 






T79 




3H 






s 






3Ji i Ntoft 


NtoA 


8.5 1 



CARNEQIE STEEL COMPANY 



UNEQUAL TEES— Concluded 





:- 3~ 1 






r — 2% — -1 





r—lH—^ 







CI 

I 

t 






P^r?;7'n 



Vie 

T 






519 




2f No 






1 



X*T 603 



Section 


Size, Inches 


Thickness, Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 


Stem 


Flange 


Stem 


T78 
T79 

tT31 
T82 
T83 
T86 
T87 
T619 
T605 

*T603 


3 
3 
3 

2H 

2H 
2 

IH 
IH 


2H 

2H 

2H 

3 

3 

2 


Hto A 
AtoH 
>ito A 

5^ to A 
Ato^ 

A to A 
JitoA 
Ato K 

Hto A 
No. 9 


Hto A 
AtoH 
>ito A 
5^ to A 
A to Vs 
A to A 

^to A 
Ato ^ 

Hto A 
H to No. 7 


7.1 

6.1 

5.0 

7.1 

6.1 

2.87 

3.09 

2.45 

1.25 

0.88 



t Rolled by Pencoyd Iron Works. 

* Furnished only by special arrangement. 
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i 



TEES 



MISCELLANEOUS TEES 




*T 156 




*T 157 



^„„ __; 



KJ 






■*! 



4 — ft» 



T 




\ 



35 

C9 



"9 



T 158 




Section 


Size, Inches 


Thickness, Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 


Stem 


Flange 


Stem 


*T 154 
*T 156 
*T 157 
♦T 158 


4>^ 
4 

3 


3 

2H 
2H 


See cut 
See cut 
See cut 
See cut 


Mto H 
A to /« 


7.0 

11.3 

7.3 

7.0 



* Furnished only by special arrangement. 
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CARNEGIE STEEL COMPANY 



^ 



^ 



ZEES 



f— 



<0 



■■Mi 



^ 



2%- 



Z 8 



% 






«o 



^«A6 



w 



^ 



] 



2%- 



Z 2 



w 



-946 



C 



_JL_ 




Z 1 



% 



3H-- 



-.3^8 



I 



3Mi 



Ud 



i 



We ^ 

Z 6 



>a 



■% 



_L 



^6 ^ 
2%'--- 



J 



Z 5 



lO 



%' 



Iff* 



C 



1. 



Z 4 



3^4 ' 



3% 



3l^ 



Section 


Size, Inches 


Thicknees, 
Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 


WehL 


Flange 


Z3 


3H 


6H 
1^ 


3^ 

3A 

3>^ 




34.6 
32.0 
29.4 


Z2 


3H 


6H 
6 


3t\ 

33^ 


II 


28.1 
25.4 
22.8 


Zl 


3H 
3A 
3H 


6H 
1^ 


3H 

3^5 
3H 


H 

S 


21.1 

18.4 
15.7 


Z6 


3!^ 


5H 
6 


3^ 


H 


28.4 
26.0 
23.7 


Z5 


It 


5H 


3H 


H 


226 
20.2 
17.9 


Z4 


tt 


6H 


IP. 




16.4 
14.0 
11.6 
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ZEES— Concluded 




'^^^■■i i 




'•««' 4 1 


2^'-- 


'« 


---2yii~i 


-«- Z 11 


i _ 


.M" zio 


a 


! 








I--— 


2%- 








•zie" 



SKtioD 




SiH.lDcheS 




'ST 


•«• 




Fl«.» 


Web 


Hugo 


Z 9 


^^ 


4H 


^^ 


i 


209 












Z 8 


Sl^ 


4H 


^ft 


e 




















!* 


S 




12.5 


Z12 


a- 


J'* 


■iti 


s 


lliS 


Zll 








* 












ZIO 


S.1 




IS 

2A 


ft 


1:? 



* Fumidwd onJy by Btn 



CARNEQIE STEEL COMPAI 




-U--! 



This Company manufut 



> FiiHtedt InterliEkLdg Channel fiir FiliiB ind _ _ 

liboD ta UiiiUd SUUs Steel Sheet Piling. Full iirformatimi *i 
•Bfrtiont ig giien in a erpmle pimphlFl entitM "SMd Sbeai 



FLOOR PLATES 



TROUGH PLATE 




9^'- 




CORRUGATED PLATES 



r-1%^ 



12»/i6- 



*M 30 




CHECKERED PLATE 
M 49 



Mi' 




hJ 



Section 


Width, 


Depth, 


ThicknesB, 


Weight 

per Foot, 

Pounds 


Weight 

per Sq. Ft., 

Pounds 


Index 


Inches 


Inches 


Inches 


*M 14 


914 


SH 


H 


23.2 




*M 13 


9H 


3^ 


n 


21.4 




*M 12 


9H 


3^ 


19.7 




*M 11 


9H 


3H 


1% 


18.0 




*M 10 


9H 


3H 


U 


16.3 




*M35 


12A 


2% 


H 


23.7 




*M34 


12A 


m 




20.8 




*M33 


12A 


17.8 




*M32 


SH 


m 


H 


12.0 




*M 31 


s% 


1^ 


t 


10.1 




*M 30 


8H 


8.1 




M 54 


12 to 60 




H 




21.4 


M 53 


12 to 60 








18.9 


M 52 


12 to 60 






16.3 


M 61 


12 to 60 




ffs 




13.8 


M 60 


12 to 60 




H 




11.2 


M49 


12 to 48 




A 




8.7 



* Furnished only by special arrangement. 
Checkered plates of narrower widtiis than shown in the above table may be submitted for 
special consideration. 



81 



CARNEGIE STEEL COMPANY 



RECTANGULAR AND CIRCULAR PLATES, Extreme Sizes 

SHEARED PLATES, ONE-FOURTH INCH AND OVER 



Thick- 








Widths and I^engths in Inches 






Diam., 


ness, 
Inches 


132 


126 


120 


114 


108 


102 


96 


90 


84 


78 


Inches 


M 










150 


200 


210 


250 


280 


300 


110 


A 






180 


200 


230 


260 


275 


300 


325 


380 


120 


H 




200 


220 


250 


265 


310 


350 


400 


440 


460 


126 


i'« 


190 


200 


240 


265 


290 


350 


380 


440 


465 


475 


132 


H 


220 


230 


260 


280 


300 


360 


400 


450 


475 


500 


132 


A 


220 


230 


260 


290 


300 


380 


400 


450 


475 


500 


132 


Vs 


220 


230 


270 


300 


320 


360 


380 


420 


440 1 


480 


134 


il 


220 


230 


270 


300 


320 


350 


380 


420 


440 


480 


134 


% 


220 


230 


270 


290 


320 


350 


380 


420 


440 


480 


134 


\% 


220 


230 


270 


290 


320 


350 


380 


420 


440 


480 


134 


y% 


220 


230 


260 


280 


320 


350 


380 


420 


440 


480 


134 


1 


220 


230 


250 


270 


300 


320 


350 


380 


400 


430 


134 


IH 


200 


220 


230 


250 


280 


300 


320 


350 


370 


405 


132 


1^ 


190 


200 


210 


230 


255 


275 


295 


325 


340 


360 


132 


l>^ 


180 


190 


200 


210 


240 


250 


275 


300 


315 


340 


132 


W4, 


175 


180 


190 


200 


225 


240 


260 


285 


300 


320 


132 


2 


165 


170 


180 


190 


210 


230 


245 


270 


280 


300 


130 


2>i 


132 


145 


150 


160 


170 


190 


200 


230 


240 


260 


130 


Thick- 
ness 


72 


66 


60 


54 


50 


48 


42 


36 


30 


24 


Diam. 


M 


350 


350 


380 


400 


400 


430 


400 


400 


380 


380 


110 


IB 


380 


400 


450 


460 


' 460 


500 


450 


450 


400 


400 


120 


Ya 


490- 


600 


540 


540 


540 


540 


500 


500 


480 


480 


126 


/» 


620 


560 


560 


560 


560 


560 


550 


550 


530 


530 


132 


M 


525 


560 


560 


560 


560 


560 


550 


550 


530 


630 


132 


/« 


525 


560 


560 


560 


560 


560 


550 


550 


530 


530 


132 


M 


520 


560 


560 


560 


560 


560 


560 


560 


530 


500 


134 


li 


500 


530 


540 


540 


560 


560 


560 


540 


530 


500 


134 


5^ 


490 


500 


640 


540 


560 


560 


560 


540 


530 


500 


134 


it 


480 


500 


620 


540 


540 


540 


560 


540 


520 


480 


134 


K 


480 


500 


520 


520 


520 


530 


530 


530 


500 


480 


134 


1 


460 


480 


500 


520 


520 


520 


500 


480 


470 


460 


134 


IH 


430 


450 


470 


480 


480 


500 


480 


480 


470 


450 


132 


l}i 


380 


400 


420 


430 


430 


450 


460 


460 


450 


440 


132 


IH 


360 


380 


400 


420 


430 


440 


440 


420 


420 


420 


132 


154 


340 


360 


380 


400 


420 


430 


400 


380 


380 


360 


132 


2 


320 


340 


360 


380 


400 


400 


360 


350 


350 


320 


130 


2>i 


280 


300 


320 


340 


350 


330 


300 


300 


250 


200 


130 



Plates 48" wide and under can also be rolled on Universal Mills. 
For greater length and Universal Mill Sizes, see Universal Mill Plate Table. 
Plates of greater dimensions than shown in above tables may be submitted for special 
consideration. 
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PLAT ROLLED STEEL 



RECTANGULAR AND CIRCULAR PLATES, Extreme Sizes 

SHEARED PLATES, THREE-SIXTEENTHS INCH AND UNDER 



Thick- 






Widths and Lengths in Inches 








neas, 




















Diam., 


Inches, 
B. W. G. 




















Inches 


74 


72 


70 


68 


66 


64 


62 


60 


58 




t»« 


200 


220 


240 


250 


270 


290 


310 


320 


330 


77 


No. 8 




200 


210 


210 


220 


240 


250 


260 


270 


74 


No. 9 






160 


170 


180 


200 


200 


220 


230 


70 


No. 10 








140 


160 


170 


170 


190 


200 


68 


H 










140 


150 


150 


160 


170 


66 


No. 11 










140 


150 


150 


160 


170 


66 


No. 12 










120 


130 


130 


140 


150 


64 


Thick- 
ness 


56 


54 


52 


50 


48 


42 


36 


30 


24 


Diam. 


A 


340 


350 


360 


370 


360 


360 


360 


360 


360 


77 


No. 8 


270 


280 


280 


290 


290 


290 


290 


290 


290 


74 


No. 9 


230 


240 


240 


250 


250 


250 


250 


250 


250 


70 


No. 10 


220 


220 


230 


230 


230 


230 


230 


230 


230 


68 


H 


180 


190 


190 


195 


195 


200 


200 


200 


200 


66 


No. 11 


180 


190 


190 


195 


195 


200 


200 


200 


200 


66 


No. 12 


160 


160 


170 


176 


180 


180 


180 


180 


180 


64 



RECTANGULAR UNIVERSAL PLATES, Extreme Sizes 

UNIVERSAL MILL PLATES. ONE-FOURTH INCH AND OVER 











Widths and Lengths in Inches 






Thick- 










• 










ness, 
























Inches 


48r^6 


45-HH 


40-36 


35-31 


30-26 


25-20 


19-17 


16-15 


14-12 


11 


10-6H 


H 












780 


780 


780 


780 


640 


540 


A 


600 


600 


600 


660 


720 


840 


840 


840 


840 


600 


600 


H 


840 


840 


960 


1140 


1140 


1140 


1080 


1080 


1080 


900 


840 


/»• 


960 


960 


960 


1140 


1140 


1200 


1080 


1080 


1080 


900 


840 


H 


9.60 


960 


1080 


1200 


1200 


1200 


1080 


1080 


1080 


1020 


840 


A 


960 


960 


1080 


1200 


1200 


1200 


1080 


1080 


1080 


1020 


840 


y% 


960 


960 


1020 


1200 


1200 


1200 


1020 


1080 


1080 


1020 


840 


H 


840 


840 


960 


1080 


1080 


1080 


1020 


1020 


1020 


900 


840 


v% 


780 


840 


840 


960 


960 


960 


960 


960 


960 


900 


840 


1 


720 


720 


720 


840 


840 


840 


900 


960 


960 


900 


840 


1^ 


600 


600 


660 


708 


720 


780 


780 


900 


900 


840 


840 


1^4 


540 


540 


600 


660 


660 


660 


720 


840 


840 


840 


840 


IH 


480 


528 


540 


600 


600 


600 


660 


780 


840 


840 


840 


IH 


480 


504 


528 


640 


640 


540 


600 


720 


780 


§40 


840 


1% 


480 


480 


480 


480 


480 


480 


540 


660 


720 


840 


840 


IH 


420 


420 


432 


420 


420 


420 


480 


600 


660 


720 


720 


VA 


420 


420 


432 


420 


420 


420 


480 


540 


600 


660 


720 


2 


420 


420 


420 


408 


408 


408 


420 


480 


540 


600 


720 


Plates 


of gn 


iater di 


mensioD 


s than 


shown in abov 


e tablei 


9 may I 


)e submitted f( 


)r special 


consideratio 


n. 
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CARNEGIE STEEL COMPANY 







SQUARE EDGE FLATS 




H" 


to 3" 


, wide, 


by any thickness H" 


, up to width. 


Over 3" 


to 6" 


, wide. 


by any thickness ^" 


to 3". 


inclusive. 


Over 5" 


to 7" 


, wide, 


by any thickness >i" 


to 2". 


inclusive. 


Sizes not listed will be considered. 







NUT STEEL FLATS 


All sizes of Nut Steel Flats within the range of Square Edge Flats can be 


furnished. Some of the smaller sizes can be furnished in coils. 


BAND EDGE FLATS 


H" 


xNo. 18 to No. 4 B. W. G. 


A" 


X No. 19 to No. 4 B. W. Q. 


H" 


xNo. 22 to No. 4 B. W. G. 


A" to 1" 


X No. 23 to No. 4 B. W. G. 


1t\," to 2" 


X No. 22 to No. 4 B. W. G. 


2^e" to 3" 


X No. 21 to No. 1 B. W. G. 


3iV' to 3W 


X No. 20 to No. 1 B. W. G. 


3ft" to 4" 


X No. 19 to No. 1 B. W. G. 


4,^i" to 4H" 


X No. 18 to No. 1 B. W. G. 


4A" to 5A" 


xNo. 17 to No. 1 B. W. G. 


5H" to 6H" 


' X No. 16 to No. 1 B. W. G. 


7" 


X No. 14 to No. 1 B. W. G. 


7y4," 


X No. 14 to No. 1 B. W. G. 


7]^" 


xNo. 14 to No. 1 B. W. G. 


7W 


X No. 14 to No. 1 B. W. G. 


7Ji" 


X No. 14 to No. 1 B. W. G. 


7W 


xNo. 14 to No. 1 B. W. G. 


8" 


X No. 14 to No. 1 B. W. G. 


8K" 


X No. 14 to No. 1 B. W. G. 


8H" 


X No. 14 to No. 1 B. W. G. 


8^" 


X No. 14 to No. 1 B. W. G. 


9H" 


X No. 12 to No. 1 B. W. G. 


From H" to 6^" intermediate widths can be furnished. 


From 7" to 95^" the widths listed are the only ones which are rolled, but 


intermediate widths will be considered. 




SKELP 


All sizes within the range of Sheared Plates, Universal Mill Plates and 


Band Edge Flats can be fiunished. 
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'I 



MERCHANT BARS 



SQUARES 
WIDTH ACROSS PACES 

A" to 2", inclusiye, advancing by 64ths. 

2:^" to 3H", inclusive, advancing by 32ds. 

3/«" to 5H", inclusive, advancing by 16ths. 
Squares can also be rolled to decimal dimensions, if so arranged 
Squares J4" and smaller can be furnished in coils. 



ROUND CORNERED SQUARES 

WIDTH ACROSS PACES 
H" to 5i", inclusive, advancing by 64ttis« 



ROUNDS 
DIAMETER 

^i" to 1 H"f inclusive, advancing by 64ths. 

Ill" to 3Wf inclusive, advancing by 32ds. 

3iV' to 7", inclusive, advancing by 16ths. 
Roimds can also be rolled to decimal dimensions, if so arranged. 
Rounds J^" and smaller can be fxunished in coils. 



HALF ROUNDS 

DIAMETER 

A" to J4'\ inclusive, advancing by 64tlis. 
H" to 1%", inclusive, advancing by 16tlis. 
2", 2H", 3". 



HEXAGONS 

WIDTH ACROSS FACES 

Ji" to lA", Inclusive, advancing by 32ds. 
1 Ji" to 3 A", inclusive, advancing by 16tlis. 

85 



CARNEOIE STEEL COMPANY 



ARBAS OP RECTAI 



CARNEQIE STEEL COMPANY 



S OP PLAT ROLLED STEEL 



WEIGHTS OF FLAT ROLLED STEEL 

POUNDS PER LINEAL FOOT 



TliickiHa.Iiicba 



CARNEOIE STEEL COMPANY 



WEIGHTS OF FLAT ROLLED STEEL— ConUnued 

POUNDS PER LINEAL FOOT 



WEIOHTS OP PLAT ROLLED STEEL 



CARNEQIB STEEL COMPANY- 







SQUARE 


AND 


ROUND BARS 






• 




WEIGHTS AND AREAS 




Size, 
Inches 


Weight, Lbs. 
per Foot 


Area, Square 
Inches 


• 

Sae, 
Inches 


Weight, Lbs. 
per Foot 


Area, Square 
Inches 

• 




















u 


O 


a 


O 




a 


o 




o 





.013 

.053 

' .120 


.010 
.042 
.094 


.0039 
.0156 
.0352 


.0031 
.0123 
.0276 


3 

ft 


30.60 
31.89 
33.20 
34.54 


24.03 
25.05 
26.08 
27.13 


9.000 

9.379 

9.766 

10.160 


7.069 
7.366 
7.670 
7.980 




.213 
.332 
.478 
.651 


.167 
.261 
.376 
.511 


.0625 
.0977 
.1406 
.1914 


.0491 
.0767 
.1105 
.1503 




35.91 
37.31 
38.73 
40.18 


28.21 
29.30 
30.42 
31.55 


10.563 
10.973 
11.391 
11.816 


8.296 
8.618 
8.946 
9.281 




.850 
1.076 
1.328 
1.607 


.668 

.845 

1.043 

1.262 


.2500 
.3164 
.3906 
.4727 


.1963 
.2485 
.3068 
.3712 


ft 

H 


41.66 
43.15 
44.68 
46.23 


32.71 
33.89 
35.09 
36.31 


12.250 
12.691 
13.141 
13.598 


9.621 

9.968 

10.321 

10.680 


H 

II 
IS 


1.913 
2.245 
2.603 
2.988 


1.50^ 
1.763 
2.044 
2.347 


.5625 
.6602 
.7656 
.8789 


.4418 
.5185 
.6013 
.6903 


II 


47.81 
49.42 
51.05 
52.71 


37.55 
38.81 
40.10 
41.40 


14.063 
14.535 
15.016 
15.504 


11.046 
11.416 
11.793 
12.177 


1 


3.400 
3.838 
4.303 
4.795 


2.670 
3.015 
3.380 
3.766 


1.0000 
1.1289 
1.2656 
1.4102 


.7854 

.8866 

.^940 

1.1075 


4 

ft 


54.40 
56.11 
57.85 
59.62 


42.73 
44.07 
45.44 
46.83 


16.000 
16.504 
17.016 
17.535 


12.566 
12.962 
13.364 
13.772 


K 

A 


5.313 
5.857 
6.428 
7.026 


4.172 
4.600 
5.049 
5.518 


1.5625 
1.7227 
1.8906 
2.0664 


1.2272 
1.3530 
1.4849 
1.6230 




61.41 
63.23 
65.08 
66.95 


48.23 
49.66 
51.11 
52.58 


18.063 
18.598 
19.141 
19.691 


14.186 
14.607 
15.033 
15.466 




7.650 
8.301 

8.978 
9.682 


6.008 
6.519 
7.051 
7.604 


2.2500 
2.4414 
2.6406 

2.8477 


1.7671 
1.9175 
2.0739 
2.2365 


it 


68.85 
70.78 
72.73 
74.71 


54.07 
55.59 
57.12 
58.67 


20.250 
20.816 
21.391 
21.973 


15.904 
16.349 
16.800 
17.267 


i8 


10.413 
11.170 
11.953 
12.763 


8.178 

8.773 

9.388 

10.024 


3.0625 
3.2852 
3.5156 
3.7539 


2.4053 
2.5802 
2.7612 
2.9483 


H 


76.71 

78.74 
80.80 
82.89 


60.25 
61.85 
63.46 
65.10 


22.563 
23.160 
23.766 
24.379 


17.721 
18.190 
18.665 
19.147 


2 

1^8 


13.600 
14.463 
15.353 
16.270 


10.681 
11.359 
12.058 
12.778 


4.0000 
4.2539 
4.5156 
4.7852 


3.1416 
3.3410 
3.5466 
3.7583 


5 

ft 


85.00 
87.14 
89.30 
91.49 


66.76 
68.44 
70.14 
71.86 


25.000 
25.629 
26.266 
26.910 


19.635 
20.129 
20.629 
21.135 


ft 


17.213 
18.182 
19.178 
20.201 


13.519 
14.280 
15.062 
15.866 


5.0625 
5.3477 
5.6406 
5.9414 


3.9761 
4.2000 
4.4301 
4.6664 




93.71 

96.96 

98.23 

100.53 


73.60 
75.36 
77.15 
78.95 


27.563 
28.223 
28.891 
29.566 


21.648 
22.166 
22.691 
23.221 




21.250 
22.326 
23.428 
24.557 


16.690 
17.534 
18.400 
19.287 


6.2500 
6.5664 
6.8906 
7.2227 


4.9087 
5.1572 
5.4119 
5.6727 


A 


102.85 
105.20 
107.58 
109.98 


80.78 
82.62 
84.49 
86.38 


30.250 
30.941 
31.641 
32.348 


23.768 
24.301 
24.860 
25.406 


^ 

^ 

H 


25.713 
26.895 
28.103 
29.338 


20.195 
21.123 
22.072 
23.042 


7.5625 
7.9102 
8.2666 
8.6289 


5.9396 
6.2126 
6.4918 
6.7771 


II 


112.41 
114.87 
117.35 
119.86 


88.29 
90.22 
92.17 
94.14 


33.063 
33.785 
34.516 
35.254 


25.967 
26.535 
27.109 
27.688 


3 


30.600 


24.033 


9.0000 


7.0686 


6 


122.40 


96.13 


36.000 


28.274 
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WEIGHTS OP BAR 



SQUARE AND ROUND BARS 

WEIGHTS AND AREAS 



Sue, 
Inches 



tl 



% 

H 

k 

H 
H 
H 






H 






8 



i 



9 



Weight, Lbs. 
per Foot 



D 



22.40 
24.96 
27.55 
30.17 

32.81 
35.48 
38.18 
40.90 

43.65 
46.43 
49.23 
52.06 

64.91 
67.79 
60.70 
63.64 

66.60 
69.59 
72.60 
75.64 

78.71 
81.81 
84.93 
88.07 

91.25 
94.45 
97.68 
200.93 

204.21 
207.62 
210.85 
214.21 

217.60 
221.01 
224.45 
227.92 

231.41 
234.93 
238.48 
242.05 

245.65 
249.28 
262.93 
266.61 

260.31 
264.04 
267.80 
271.59 

275.40 



o 



96.13 

98.16 

100.18 

102.23 

104.31 
106.41 
108.53 
110.66 

112.82 
116.00 
117.20 
119.43 

121.67 
123.93 
126.22 
128.52 

130.85 
133.19 
135.56 
137.95 

140.36 
142.79 
145.24 
147.71 

150.21 
152.72 
165.26 
157.81 

160.39 
162.99 
166.60 
168.24 

170.90 
173.68 
176.29 
179.01 

181.75 
184.52 
187.30 
190.11 

192.93 
196.78 
198.66 
201.64 

204.45 
207.38 
210.33 
213.31 

216.30 



Area, Square 
Inches 



D 



36.000 
36.754 
37.616 
38.285 

39.063 
39.848 
40.641 
41.441 

42.250 
43.066 
43.891 
44.723 

45.563 
46.410 
47.266 
48.129 

49.000 
49w879 
60.766 
51.660 

52.563 
63.473 
54.391 
65.316 

56.260 
57.191 
58.141 
59.098 

60.063 
61.036 
62.016 
63.004 

64.000 
66.004 
66.016 
67.035 

68.063 
69.098 
70.141 
71.191 

72.260 
73.316 
74.391 
76.473 

76.563 
77.660 
78.766 
79.879 

81.000 



o 



28.274 
28.866 
29.466 
30.069 

30.680 
31.296 
31.919 
32.648 

33.183 
33.824 
34.472 
36.126 

35.785 
36.450 
37.122 
37.800 

38.486 
39.176 
39.871 
40.674 

41.282 
41.997 
42.718 
43.446 

44.179 
44.918 
46.664 
46.416 

47.173 
47.937 
48.707 
49.483 

60.266 
51.054 
61.849 
52.649 

63.456 
54.269 
65.088 
56.914 

66.746 
67.683 
58.426 
59.276 

60.132 
60.994 
61.863 
62.737 

63.617 



Sise, 
Inches 



9 



yi 
ft 

II 



10 



yi 



H 

U 
H 

II 



11 



H 

H 
ft 
H 
ft 

'A 

k 

H 
H 

II 



12 



Weight, Lbs. 
per Foot 



D 



276.40 
279.24 
283.10 
286.99 

290.91 
294.86 
298.83 
302.83 

306.85 
310.90 
314.98 
319.08 

323.21 
327.37 
331.55 
335.76 

340.00 
344.26 
348.66 
352.87 

367.21 
361.58 
366.98 
370.40 

374.86 
379.33 
383.83 
388.36 

392.91 
397.49 
402.10 
406.74 

411.40 
416.09 
420.80 
426.64 

430.31 
436.11 
439.93 
444.78 

449.65 
454.66 
469.48 
464.43 

469.41 
474.42 
479.45 
484.51 

489.60 



o 



216.30 
219.31 
222.35 
225.41 

228.48 
231.58 
234.70 
237.84 

241.00 
244.18 
247.38 
260.61 

253.85 
257.12 
260.40 
263.71 

267.04 
270.38 
273.76 
277.14 

280.65 
283.99 
287.44 
290.91 

294.41 
297.92 
301.46 
305.02 

308.59 
312.19 
316.81 
319.46 

323.11 
326.80 
330.50 
334.22 

337.97 
341.73 
346.52 
349.33 

363.16 
367.00 
360.87 
364.76 

368.68 
372.61 
376.66 
380.64 

384.63 



Area, Square 
Inches 



D 



O 



81.000 
82.129 
83.266 
84.410 

85.563 
86.723 
87.891 
89.066 

90.260 
91.441 
92.641 
93.848 

95.063 
96.285 
97.516 
98.764 

100.000 
101.254 
102.616 
103.786 

105.063 
106.348 
107.641 
108.941 

110.260 
111.566 
112.891 
114.223 

115.663 
116.910 
118.266 
119.629 

121.000 
122.379 
123.766 
126.160 

126.663 
127.973 
129.391 
130.816 

132.260 
133.691 
136.141 
136.598 

138.063 
139.636 
141.016 
142.504 

144.000 



63.617 
64.504 
65.397 
66.296 

67.201 
68.112 
69.029 
69.963 

70.882 
71.818 
72.760 
73.708 

74.662 
76.622 
76.589 
77.661 

78.540 
79.525 
80.616 
81.513 

82.516 
83.526 
84.641 
86.563 

86.590 
87.624 
88.664 
89.710 

90.763 
91.821 
92.886 
93.957 

95.033 
96.116 
97.205 
98.301 

99.402 
100.610 
101.623 
102.743 

103.869 
105.001 
106.139 
107.284 

108.434 
109.691 
110.764 
111.923 

113.098 
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CARNEQIE STEEL COMPANY 



COLD TWISTED SQUARE BARS 




Size. 
Inches 


Area, 
Square Inches 


Weight per Foot, 
Pounds 


2 


4.0000 


13.600 


IH 


3.5156 


11.953 


IH 


3.0625 


10.413 


IH 


2.6406 


8.978 


IH 


2.2500 


7.650 


IH 


1.8906 


6.428 


lU, 


1.5625 


5.313 


IH 


1.2656 


4.303 


1 


1.0000 


3.400 


H 


0.8789 


2.988 


H 


0.7666 


2.603 


H 


0.6602 


2.245 


% 


0.5625 


1.913 


H 


0.4727 


1.607 


% 


0.3906 


1.328 


j% 


0.3164 


1.076 


H 


0.2500 


0.850 


/« 


0.1914 


0.651 


H 


0.1406 


0.478 


A 


0.0977 


0.332 


H 


0.0625 


0.213 



Cold twisted bars will conform to Specificatioos of the American Society for Testing Materials, 
unless otherwise specified. 
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CONCRETE REINFORCEMENT BARS 



DEFORMED BARS 



CORRUGATED SQUARE BAR 
TYPE A 



CORRUGATED SQUARE BAR 
TYPEB 





Rolled for Corrugated Bar Co. 



CORRUGATED ROUND BAR 
TYPEO 



CORRUGATED SQUARE BAR 
TYPE D 





Rolled for Corrugated Bar Co. 



Section 


Siae, 


Weight per Foot, 


Section 


Size, 


Weight per Foot, 


Index 


Inches 


Pounds 


Index 


Inches 


Pounds 


Corrugated Square Bar — ^Type A 


Corrugated Square 


Bar— Type B 


*M 1980 


IH 


4.00 


*M 1550 


m 


6.31 


*M 1981 


1 


2.70 


*M 1551 


1 


3.40 


*M 1982 


% 


1.95 


*M 1552 


% 


2.60 


*M 1983 


% 


1.35 


*M 1553 


% 


1.91 


♦M 1984 


H 


0.64 


*M 1554 


% 


1.33 








*M 1555 


V2 


0.86 








*M 1558 


% 


0.48 








*M 1557 


H 


0.37 








*M 1556 


y* 


0.21 


COTrugated Round Bar— Type C 


Corrugated Square Bar— Type D 








*M 1732 


IH 


10.48 








*M 1731 


IH 


7.69 


*M 1618 


IH 


4.21 


*M 1650 


IH 


5.35 


*M 1617 


IH 


3A1 


*M 1651 


IH 


4.34 


♦M 1616 


1 


2.69 


*M 1652 


1 


3.43 


♦M 1615 


Vs 


2.06 


*M 1653 


% 


2.64 


*M 1614 


H 


1.52 


*M 1654 


% 


1.94 


*M 1613 


% 


1.05 


*M 1655 


H 


1.36 


*M 1612 


A 


0.86 


*M 1656 


H 


0.86 


*M 1611 


H 


0.66 


*M 1657 


H 


0.49 


*M 1610 


H 


0.38 


*M 1658 


H 


0.22 



♦Furnished only by special arrangement. 
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CARNBQIB STEEL COMPANY 



DEFORMED BARS— Continued 



LUG BARr-TYPE A 



LUG BARr-TYPE B 




%-7 




Boiled for General Fireprooflng Co. 
HERRINGBONE BAR 




Rolled for General Fireprooflng Co. 



Section 


Sue, 


Weight per Foot, 


Section 


Size, 


Weight per Foot, 


Index 


Inchee 


Pounds 


Index 


Inches 


Pounds 




Lug Bar— Type A 


Lug Bar— Type B 


*M 1578 


IK 


5.31 


*M 1648 


l>i 


6.31 


*M 1S77 


IH 


4.30 


*M 1647 


IH 


4.30 


*M 1676 


1 


3.40 


*M 1646 


1 


3.40 


*M 1575 


H 


2.60 


*M 1645 


% 


2.60 


*M 1574 


H 


1.91 


*M 1644 


Ya. 


1.91 


*M 1573 


H 


1.33 


*M 1643 


% 


1.33 


*M 1572 


H 


0.85 


*M 1642 


H 


0.85 


*M 1579 


i\ 


0.65 


*M 1641 


% 


0.48 


*M 1571 


% 


0.48 


*M 1640 


H 


0.21 


*M 1570 


Ji 


0.21 




1 
1 



Herringbone Bar 




Weight per Foot, 
Pounds 



*M 1673 
*M 1672 
*M 1671 
*M 1670 
*M 1669 
*M 1668 



1 

% 
Ya. 



6.13 
3.62 
2.38 
1.72 
1.28 
0.91 



^Furnished only by special arrangement. 
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1 



CONCRETB REINFORCEMENT BARS 



DEFORMED BARS— Continued 

SCOFIELD BAB THACHEB BAB 





Boiled for Scofield Engineering Oa 
HAVEMEYEB SQUABE BAB HAVEMEYEB BOUND BAB 





Boiled for Concrete Steel Co. 



Section 


Sue, 


Weight per Foot, 


Section 


Size, 


Weight per Foot, 


Index 


Inches 


Founds 


Index 


Inches 


Poundfl 


Scoaeld Bar 


Thacher Bar 






XqnlTBlADi to Bound 








*M 1969 


IH 


6.01 


*M 1546 


IH 


6.20 


*M 1968 


IH 


4.17 


*M 1545 


IH 


3.55 


*M 1967 


IH 


3.38 


*M 1544 


1 


2.32 


*M 1966 


1 


2.67 


*M 1543 


H 


1.79 


*M 1965 


H 


2.04 


*M 1542 


H 


1.34 


*M 1964 


H 


1.50 


*M 1541 


H 


0.92 


*M 1963 


H 


1.04 


*M 1540 


H 


0.68 


*M 1962 


)4 


0.67 








*M 1961 


H 


0.38 

EqulTal«&t to Sqnu* 








*M 1583 


H 


1.33 








*M 1682 


H 


0.85 








*M 1681 


H 


0.48 








Hi 


ivemeyer Squa 


re Bar 


Havemeyer Round Bar 


*M 1699 


^H 


7.65 








*M 1609 


IVs 


6.43 








*M 1608 


IH 


6.31 


*M 1629 


l>i 


4.17 


*M 1607 


IH 


4.30 


*M 1628 


IH 


3.38 


*M 1606 


1 


3.40 


*M 1627 


1 


2.67 


*M 1605 


H 


2.60 


*M 1626 


Vb 


2.04 


*M 1604 


H 


1.91 


*M 1625 


H 


1.60 


*M 1603 


H 


1.33 


*M 1624 


H 


1.04 


*M 1602 


H 


0.85 


*M 1623 


H 


0.67 


*M 1601 


H 


0.48 


*M 1622 


Vs 


0.38 


♦M 1621 


H 


0.21 


*M 1600 


H 


0.17 



^Furnished only by special arrangement. 
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CARNEQIE STEEL COMPANY 



DEFORMED BARS— Continued 



WING BAR-TYPE A 



WING BAR -TYPE B 





Rolled for Trussed Concrete Steel Co. 



NEW RIB BAR 



ELCANNES BAR 





Rolled for Trussed Concrete Steel Co. 



Rolled for Mr. Elie Cannes 



Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


Wing Bar— Type A 


Wing Bar— Type B 


*M 1515 
*M 1514 
*M 1513 
*M 1512 


1 

H 


6.90 
4.80 
2.70 
1.40 


*M 1509 
*M 1510 
*M 1516 


S}4 
2H 
2H 


10.2 ■ 
6.8 

4.8 


New Rib Bar 


Elcannes Bar 


*M 1918 
*M 1917 
*M 1916 
*M 1915 
*M 1914 
*M 1913 
*M 1912 
*M 1911 
*M 1910 


IK 
1 

H 
H 
H 
H 

H 


5.31 
4.30 
3.40 
2.60 
1.91 
1.33 
0.85 
0.48 
0.21 


*M 1901 
*M 1902 
*M 1903 
*M 1904 
*M 1905 
*M 1906 
*M 1907 
*M 1908 
*M 1909 


IH 
1 

V8 

H 
% 
Vi 


6.31 
4.30 
3.40 
2.60 
1.91 
1.33 
0.85 
0.48 
0.21 



^Furnished only by special arrangement. 
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1 



CONCRETE REINFORCEMENT BARS 



DEFORMED BARS— Continued 



SLANT RIB BAR 



MONOLITH BAR 





Rolled for 
Mississippi Valley Ck>n8truction Co. 



Rolled for Monolith Steel Co. 



GUP BAR 




Section 
Index 



Size, 
Inches 



Weight per Foot, ' 
Pounds I 



Section 
Index 



Size, 
Inches 



Weight per Foot, 
Pounds 



Slant Rib Bar 



Monolith Bar 



*M 1297 


IM 


5.31 


*M 1296 


1 


3.40 


*M 1295 


H 


2.60 


*M 1294 


H 


1.91 


*M 1293 


H 


1.33 


*M 1292 


M 


0.85 j 


*M 1291 


Vb 


0.48 i 


*M 1290 


H 


0.21 



I 



*M 1500 


IH 


7.65 


*M 1508 


IK 


5.31 


*M 1507 


1 


3.40 


*M 1517 


H 


1.91 


*M 1506 


% 


1.33 


*M 1505 


H 


0.85 


*M 1504 


H 


0.48 



Cup Bar 



Section 
Index 



Size, 
Inches 



*M 1630 
*M 1531 
*M 1532 
*M 1533 
*M 1534 
*M 1635 
*M 1536 
*M 1537 



1 






Weight per Foot, 
Pounds 



5.31 
4.30 
3.40 
2.60 
1.91 
1.33 
0.85 
0.48 



"'Furnished only by special arrangement. 
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CARNBQIB STEEL COMPANY 



DEFORMED BARS— Concluded 



MONOTYPE BAR 




Boiled for Pbiladelphia Steel and Wire Co 



WING BAR 




Boiled for Thomas Belnforcement Co. 



Section 
Index 


Size, 
Inches 


Weight per Foot, 
Founds 


Section 
Index 


Size, 
Inches 


yRMX per Foot, 
rounds 


Monotype Bar— Equivalent to Square 


Monotype Bar — ^Equivalent to Round 


*"M. 2151 


VA 


5.39 


*M 2161 


IM 


4.24 


*M 2152 


IH 


4.37 


*M 2162 


IH 


3.43 


*M 2153 


1 


3.45 


*M 2163 


1 


2.71 


*M 2154 


H 


2.64 


*M 2164 


^ 


2.08 


*M 2155 


H 


1.94 


*M 2165 


M 


1.63 


*M 2156 


H 


1.35 


*M 2166 


% 


1.06 


*M 2157 


^ 


0.86 


*M 2167 


H ' 


0.68 


*M 2158 


H 


0.49 


*M 2168 


H 


0.38 



Wing Bar 



Section 


Size, 


Weight per Foot, 


Index 


Inches 


Pounds 


*M 2135 


2K 


5.08 


*M 2134 


2 


4.02 


*M 2133 


IM 


3.06 


*M 2132 


IM 


2.08 


*M 2131 


IH 


1.08 



^Furnished only by special arrangement. 
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CONCRETE REINFORCEMENT BARS 



HANGER BARS 



^- 






*M980 






rt. 



*M935 



nj 




n 



L 7»l 



ITiV 






T 



7\'"'^rt--.-t 



"li 



1111:11 






■2%' 



-^a^^- 




*M983; 












l^>ro>}<-iK6--4ho^^ 



urii 



^■j- *M982 ^||->^ 

~y Villi 

^ ^ v^ ^ 

^ hM 984i K 

A M --^-7 
i3i 



"LX' X Ju 




'y^^—vi—*&^')&, 



C^ 



—2^ 



Section 
Index 


Sue, 
Inches 


Weight per Foot, 
Poundfl 


*M 980 


4M X IM X M 
4M X IH X ii 


5.31 
4.18 


■ ♦M 935 


3H X 1 X >i 
3H X «i X il 


4.41 
3.85 


*M 981 


2H X M X i=\i 


2.61 


*M 982 


23^ X ^ X >^ 


1.65 


*M 983 


2xMxx=i 


2.29 


*M 984 


2x^xH 


1.43 



^Furniahed only by special arrangement. 
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• •« * 



CARNEQIE STEEL COMPANY 



HANGER BARS^-Concluded 



! I 




•^^*M 986 






1— ac 



-♦f&l*— 




-A*L*M987 



* — 1- — » 



WASHBOARD SECTIONS 

TYPE A 
*M 1521 







-tV^'- 



TYPE B 



♦M1522 



=A 



M' 



H 



Section 
Index 


Siie, 
Inches 


Weight per Foot, 
Pounds 


*M 986 
♦M 987 
*M 1521 
*M 1522 


IxMxM 
1 X ii X A 

6)^ X ^5 X jft 

6H X flj X ^ 


1.30 
1.09 
3.20 
3.95 



* Furnished only by special arrangement. 
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CROSS TIES 



CROSS TIE SECTIONS 









M 27 



M 20 




Section 


Depth. 
Inches 


Width, Inches 


Web Thickness, 
Inches 


Weight per Foot, 


Index 


Top 


Bottom 


Pounds 


M 21 


5H 


4^ 


8 


Va. 


20.0 


M 25 


4Ji 


4 


6 


K 


14.5 


M24 


3 


3 


5 


U 


9.5 


M27 


2K 


5H 


7 


M 


9.0 


M 20 


2 


4H 


6 


^\ 


6.0 



Full information as to uses of steel cross ties is given in a separate pamphlet entitled "Steel 
Cross Ties and Duquesue Rail Joints. " 
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CARNBQIB STEEL COMPANY 



A. S. C. E. RAILS AND LIGHT RAILS 



--C-- 




Section 


Weight 

per Yard, 

Pounds 


a 


b 


c 


d 


e 


f 


K 

In. 


h 
In. 

21! 


• 

1 
In. 

A 


• 


k 


1 


Index 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


♦110 A 


110 


6H 


6H 


2% 


IH 


3ii 


1 


>i 


A 


A 


100 A 


100 


5% 


5H 


2H 


ItJ 


3A 


u 


/« 


2^ 


A 


Ji 


A 


A 


♦95 A 


95 


5i% 


5A 


214 


^m 


2a 


\i 


A 


2/A 


A 


K 


A 


A 


90 A 


90 


^% 


5H 


2^ 


lii 


2Si 


II 


iii 


2^. 


A 


M 


A 


A 


85A 


85 


6A 


5A 


2A 


m 


2H 


li 


A 


2i| 


A 


Ji 


A 


A 


80 A 


,80 


5 


5 


2H 


IH 


2% 


K 


» 


2A 


A 


•K 


A 


A 


75 A 


75 


Ml 


Ml 


2i| 


m 


2n 


3^ 


if 


2^*^ 


A 


y4. 


A 


A 


70 A 


70 


4M 


W% 


2/« 


IH 


2hl 


iS 


ii 


2i& 


A 


y4, 


A 


A 


65 A 


65 


V« 


4i^, 


2i8 


lA 


2H 


§i 


H 


Hi 


s 


Va. 


A 


A 


60A 


60 


4K 


4K 


2H 


u. 


2H 


H 


ji 


IHi 


A 


Va, 


A 


A 


55 A 


55 


4,^ 


M\ 


2yi 


lii 


2il 


13 


i» 


liSi 


A 


Va. 


A 


A 


50A 


50 


3^ 


3J^ 


2H 


IH 


2A 


H 


i\ 


l|! 


A 


Ya, 


A 


A 


45 A 


45 


m 


3H 


2 


lA 


13i 


§i 


il 


itl 


A 


Va. 


A 


A 


40 A 


40 


3H 


3^ 


IJ^ 


!«»* 


181 


fi 


12 


l/A 


A 


H 


A 


A 


36 A 


35 


Si-^ 


3A 


IH 


H 


m 


n 


II 


IJ! 


A 


H 


A 


A 


30 A 


30 


3H 


3H 


Uh 


Ji 


m 


ii 


li 


Hi 


A 


H 


A 


A 


25 A 


25 


2^ 


2^ 


I'A 


14 


lii 


li 


i! 


Itft 


Ji 


H 


A 


A 


20A 


20 


2% 


2M 


m 


14 


ut 


/« 


K 


lii 


M 


A 




A 


16 A 


16 


2% 


2H 


lii 


li 


lii 


H 


/i 


liS. 


A 


A 




A 


14 A 


14 


2^ 


2^ 


li\r 


H 


lA 


H 


K 


II 


A 


A 




A 


12 A 


12 


2 


2 


1 


A 


lA 


ii 


A 


II 


A 


A 




A 


10 A 


10 


1% 


15^ 


iS 


n 


iS 


iS 


A 


H 


A 


A 




A 


8A 


8 


lA 


lA 


i» 


if 


i8 


^* 


3*2 


H 


A 


A 




A 



♦ Not rolled by Carnegie Steel Company. 
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J 



RAILS 



AMERICAN RAILWAY ASSOCIATION RAILS 












SERIES 


A 
















Section 


Weight 

Per-^, 

PoundH 


a 
In. 

6 


h 
In. 

5yi 


c 
In. 

2^ 


d 
In. 


e 
In. 


f 


g 


h 

In. 
2it 


i 
In. 

% 


J 


k 


1 


Index 


In. 


In. 


In. 


In. 


In. 


lOORA 


100 


li^ 


A 


% 


l^S 


i\i 


90 R A 


90 


5ys 


5H 


2i«« 


Ut 


3 51 


1 


A 


2§| 


H 


H 


rV 


A 


80 R A 


80 


5H 


4^ 


2H 


l/s 


2§i 


U 


ii 


2A 


H 


H 


i^ 


A 


*70RA 


70 


4M 


4>i 


2H 


1.U 


2H 


u 


H 


2il 


% 


H 


A 


i^ 


*60RA 


60 


4H 


4 


2M 


Ul 


2n 


H 


if 


24i 


H 


% 


A 


A 



* Not rolled by Carnegie Steel Company. 



c -», 












SERIES 


B 
















y '— 

Section 


Weight 

Per Yard, 

Pounds 


a 


b 


c 


d 


e 
In. 


f 
In. 


g 


h 


i 


• 


k 


1 


Index 


In. 

5ti 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


100 RB 


100 


^^4. 


28i 


IM 


2f| 


j% 


2^ 


K 


A 


A 


iV 


90 RB 


90 


5il 


4M 


2h 


HI 


2^ 


li/s 


A 


2.H 


Vb 


A 


■h 


iV 


SORB 


80 


4i^ 


4rV 


^2^\ 


li§ 


2if 


1 


n 


2il 


H 


r\ 


A 


iV 


*70RB 


70 


m 


4rfk 


2% 


ni 


2il 


r^ 


%^ 


2rh 


H 


A 


i^j 


i^« 


♦60 RB 


60 


4 A 3^ 


2H 


IH 


2^ 


H 


§i 


m 


H 


x-^w 


l^l 


iV 



* Not rolled by Carn^ie Steel Company. 
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CARNEQIE STEEL COMPANY 

SPLICE BARS 

. a. C. B. RAILS AND LIGHT BAILS 



S UO A to S «& A 




S20A S16AtoSSA 





■Q 


K^-f] 


?4t 


f 

..1 


1 


^■■4 







^Bi 


> 






d 


' 


f 




.. 


' 1 i 


'!■ 


Lda 




Id. 


I. 


In. 


I.. 


In. 


,n. 


In. 


.^ 


I. I-. 






Po.„d. 


In. . Ip. 


•3 110 A 


18.12 


3U 


Hi 


H 


ft 


ii 


],'. 




Ti 






SIOOA 


IJi 


«) 


3»', 


1(5 


?} 


« 


4t 


m 


M 


■ rS. 


11 


A 


3VS 


y, 








m 


W 


1) 


11 


4( 


144 


H 


4H 


it 


T«rt- 


3A 


M 


a 90 A 




10 


aSJ 


IH 


III 


'il 






H 




It 




•^41 




S 86A 




40 


a!i 


lai 


SI 


^) 


41 


lA 


M 


JS 


U 


A 


2« 


W 








3M 


ir, 


u 




n 


1W 


A 


^H 


*i 


A 


2'4 




a 75 A 


11 




1!||[ 


114 


HI 


M 










if* 










K 


X) 


21! 


iij 


11 


n 


il 


ift 


A 


H 


M 


It 


2W 


A 








2H 


Hi 


II 


u 


44 




A 


^, 


(I 


A 


24>t 




S 60A 


!; 


40 


■■Hi 


11! 


M 


H 


IJ 


irl. 


A 


W, 


Hi 


M 


M,1, 


M 








2(i 


UJ 


M 


« 


H 


iW 




r'A 


H 


A 


2A 


H 


3 50A 






^A 


Hp 


41 


u 








M 


H 




2A 




S 45A 




■40 


m 


Irt 


a: 


h 


if 


4> 




Ht 


it 


A 


154 


»» 








m 


<* 


H 


+( 


44 


if 




f-'> 


A 


tI. 


IH 




S 35 A 




5S 


m 




i(t 


iV 


A 


15 


4i 


i'l 


ai 


A 


IS) 


A 






97 


us 


4« 


,', 


44 


A 


U 


H 


a 


w 


A 


It* 


A 






^0 


Mt 


*. 


'If 


44 






1^ 










S 20 A 




W 


m 


1* 


H 


.'. 






















iii( 




a 


A 




















1^ 






A 














a 13 A 




ffi 


liV 


^^ 


■! 


,V 




















u 






li 














S 8A 


" 


747 


ti| ,'. 


'. 


/, 








[ '■ 





re For A S C E. Raili^ 



SPLICE BARS 

SPLICE BARS— Concluded 

AMERICAN RAILWAY ASSOCIATION RAILS 



<!> 


i 


^ 




... ._ ^,,J 





Wekht 


Id. 


b 


» 


d 


. 


I 


« 


h 


i 


i 


k 


1 


IdJu 


- 


Id. 


Id. 


Id. 


Id. 




I. 


In. 








PmpdB 




'"■ 


SIOOBA 


1S.97 


an 


'W 


ill 


^ 




I*» 


1,^ 




1 


iS 13A 


H 


8 90RA 


If 


7H 


3^1. 


in 


a 


19 


ki 


U, 


m 


fl. 


H 


A 3 


H 


8 SORA 


v.- 


S2 


■Mi 


MS 


% 


4^ 


f-V 


l^i 


Jli 


U 




il 2'A 


H 


•S 70 KA 






■JH 


in 


It 


H 


(fl 


1A 






H 






•S 60 RA 




/6 


'iii 


m 


St 


*S 


u 


IM 


Mw 


f^f. 


^ 


,\\ 2fi, 


% 



*Not toUod bj Carnegie Swd Compioj. 







1 












. 


. 




B«lioD 


rfS^d 


' 




















Poumli 


Id. 


I. 


In. 


lo. 


In. 


In. In. 

UtllA 


In. 


In. 


In. In. 


In. 


3 100BB 


17 14 


2i\ 


m 


«1 


W 


H 


A', a 


M 3Ti» 


'4 


a 90RB 


14.31 


■i'^ 


m 




'^ 


u 




A 1 U 


H m-ii 


U 


S 80RB 


12.72 


2\^ 


m 


H 


N 


,'■?« 


l/,|i,!> 


fi,\ n 


11 |2ii 


+a 
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RAIL ACCESSORIES 



RAIL CLIPS 




TNo. 103 




No. 114 



L_H4'.'-^_^a.%l'i^/ 



2U 






im 



H— -1 



•Xr 




«.. 



t 2M'-- 



I 
ft! 
99 



iNo. 118 



..J 







I 

I 



iNo. 104 



I 
-J. 



•f-v 




^," I "I " 'Am. 






I 

99 



No. 108 



— > 



.J 




■No. 112 



U 2W^ -J 



Rail Clip 
No. 


8iM, 
Inches 


Weight 

per Foot, 

Pounds 


Weight of 
Finished 

Pounds 


Rail Section 


103 
114 
118 
104 
108 
112 


2Mx2 

UixlH 

2^x2 

2i|x2 

2^x2 

2^x2 


4.4 

2.3 

5.65 

7.3 

4.8 

4.2 


0.64 
0.25 
0.85 
1.10 
0.70 
0.62 


100 to 60 lb. A. S. C. E. RaUs. 
50 to 20 lb. A. S. C. E. Rails. 
100 to 60 lb. R. B. Rails. 
100 to 60 lb. A.S.C.E. Angle Bars 

Girder Rails. 

Girder Rails. 



Clips can be furnished with W diameter holes. 
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CARNEGIE STEEL COMPANY 



PIPE— BLACK AND GALVANIZED 



NATIONAL TUBE COMPANY STANDARD 



STANDARD PIPE 



Siie, 
In. 


Diameters, 
Inches 


Thick- 
ness, 
Inches 


Weight per Foot, 
Pounds 


Threads 

per 

Inch 




Couplings 




External 


Internal 


Plain 
Ends 


Threads 

and 
Couplings 


Diameter, 
Inches 


Length, 
Inches 


Weight, 
Pounds 


H 


.405 


.269 


.068 


.244 


.245 


27 


.562 


Vs 


.029 


H 


.540 


.364 


.088 


.424 


.425 


18 


.685 


1 


.043 


H 


.675 


.493 


.091 


.567 


.568 


18 


.848 


IH 


.070 


H 


.840 


.622 


.109 


.850 


.852 


14 


1.024 


IH 


.116 


H 


1.050 


.824 


.113 


1.130 


1.134 


14 


1.281 


IVs 


.209 


1 


1.315 


1.049 


.133 


1.678 


1.684 


llH 


1.576 


VA 


.343 


IH 


1.660 


1.380 


.140 


2.272 


2.281 


113^ 


1.950 


2H 


.535 


IH 


1.900 


1.610 


.145 


2.717 


2.731 


IIM 


2.218 


2% 


.743 


2 


2.375 


2.067 


.154 


3.652 


3.678 


IIH 


2.760 


2% 


1.208 


2H 


2.875 


2.469 


.203 


6.793 


5.819 


8 


3.276 


2% 


1.720 


3 


3.500 


3.068 


.216 


7.575 


7.616 


8 


3.948 


3>^ 


2.498 


SH 


4.000 


3.548 


.226 


9.109 


9.202 


8 


4.591 


3^ 


4.241 


4 


4.500 


4.026 


.237 


10.790 


10.889 


8 


5.091 


3^ 


4.741 


4H 


5.000 


4.506 


.247 


12.538 


12.642 


8 


5.591 


3H 


5.241 


5 


5.563 


5.047 


.258 


14.617 


14.810 


8 


6.296 


4H 


8.091 


6 


6.625 


6.065 


.280 


18.974 


19.185 


8 


7.358 


m 


9.554 


7 


7.625 


7.023 


.301 


23.544 


23.769 


8 


8.358 


4H 


10.932 


8 


8.625 


8.071 


.277 


24.696 


25.000 


8 


9.358 


^% 


13.905 


8 


8.625 


7.981 


.322 


28.554 


28.809 


8 


9.358 


4^ 


13.905 


9 


9.625 


8.941 


.342 


33.907 


34.188 


8 


10.358 


5H 


17.236 


10 


10.750 


10.192 


.279 


31.201 


32.000 


8 


11.721 


6H 


29.877 


10 


10.750 


10.136 


.307 


34.240 


35.000 


8 


11.721 


6H 


29.877 


10 


10.750 


10.020 


.365 


40.483 


41.132 


8 


11.721 


6H 


29.877 


11 


11.750 


11.000 


.375 


45.557 


46.247 


8 


12.721 


6H 


32.650 


12 


12.750 


12.090 


.330 


43.773 


45.000 


8 


13.958 


6H 


43.098 


12 


12.750 


12.000 


.375 


49.562 


50.706 


8 


13.958 


6H 


43.098 


13 


14.000 


13.250 


.375 


54.568 


55.824 


8 


15.208 


6H 


47.152 


14 


15.000 


14.250 


.375 


58.573 


60.375 


8 


16.446 


6H 


69.493 


15 


16.000 


15.250 


.375 


62.579 


64.500 


8 


17.446 


6H 


63.294 



The permissible variation in weight is 5 par cent, above and 5 per cent, below. 

Furnished with threads and couplings and in random lengths unless otherwise ordered. 

Taper of threads ia%" diameter per foot length for all sizes. 

The weight per foot of pipe with threads and couplings is based on a length of 20 feet, 
including the coupling, but shipping lengths of small sises will usually average less than 20 feet. 

All weights and dimensions are nominal. On sixes made in more than one weight, weight 
desired must be specified. 
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PIPE 



PIPE— BLACK AND GALVANIZED— Concluded 



NATIONAL TUBS COMPANY STANDARD 



EXTRA STRONG PIPE 



DOUBLE EXTRA STRONG PIPE 



Sise, 
In. 


Diameters, 
Inches 


Thick- 
ness, 
Inches 


Weight, 

per 

Foot, 

Pounds 


Sise, 
In. 


Diameters, 
Inches 


Thick- 
ness, 
Inches 


Weight 

per 

Foot, 

Pounds 




External 


Internal 


Plain 
Ends 


External 


Internal 


Plain 
Ends 


H 

2 

2H 
3 

«H 
4 

4>4 
5 


.405 
.540 
.675 
.840 

1.050 
1.315 
1.600 
1.900 

2.375 
2.875 
3.500 
4.000 

4.500 
5.000 
5.563 
6.626 

7.625 

8.625 

9.625 

10.750 

11.750 
12.750 
14,000 
15.000 

16.000 


.215 
.302 
.423 
.546 

.742 

.957 

1.278 

1.500 

1.939 
2.323 
2.900 
3.364 

3.826 
4.290 
4.813 
5.761 

6.625 
7.625 
8.625 
9.750 

10.750 
11.750 
13.000 
14.000 

15.000 


.095 
.119 
.126 
.147 

.154 
.179 
.191 
.200 

:218 
.276 
.300 
.318 

.337 
.355 
.375 
.432 

.500 
.500 
.500 
.500 

.500 
.500 
.500 
.500 

.500 


.314 

.535 

.738 

1.087 

1.473 
2.171 
2.996 
3.631 

5.022 

7.661 

10.252 

12.505 

14.983 
17.611 
20.778 
28.573 

38.048 
43.388 
48.728 
54.735 

60.075 
65.415 
72.091 
77.431 

82.771 


1^ 

IH 
'^ 

3 

sy2 

4 

5 

6 

7 
8 


.840 
1.050 
1.315 
1.660 

1.900 
2.375 
2.875 
3.500 

4.000 
4.500 
5.000 
5.563 

6.625 
7.625 
8.625 


.252 
.434 
.599 
.896 

1.100 
1.503 
1.771 
2.300 

2.728 
3.152 
3.580 
4.063 

4.897 
6.875 
6.875 


.294 
.308 
.358 
.382 

.400 
.436 
.552 
.600 

.636 
.674 
.710 
.750 

.864 
.875 
.875 


1.714 
2.440 
3.659 
5.214 

6.408 

0.029 

13.695 

18.583 

22.850 
27.541 
32.530 
38.552 

63.160 
63.079 

72.424 


6 

7 

8 

9 

10 

11 
12 
13 
14 

15 


Furnished with plain ends and in random 
lengths unless otherwise ordered. 

Permissible variation in weight, for extra 
strong pipe, 5 per cent, above and 5 per cent, 
below. 

For double extra strong pipe, 10 per cent, 
above and 10 per cent, below. 

All weights and dimensions are nominal. 



LARGE O. D. PIPE 






Weight per Foot, Pounds 



Thickness, Inches 



V4. 



1436.713 
39.383 
42.053 
44.723 
47.393 



15 
16 
17 
18 



201 
21 

22 
24 
26 

28 
33 



%i 



45.682 
49.020 
52.357 
56.695 
59.032 

65.708 
69.045 
72.383 



% 



64.568 
68.573 
62.579 
66.584 
70.689 

78.599 
82.604 
86.609 
94.619 
102.629 



Tie 



63.371 
68.044 
72.716 
77.389 
82.061 

91.407 

96.079 

100.752 

110.097 

119.442 



V2 



72.091 
77.431 
82.771 
88.111 
93.451 

104.131 



%6 



80.726 
86.734 
92.742 
98.749 
104.757 

116.772 



109.471 122.780 
114.811128.787 



% 



125.491 
136.172 

128.787 146.852 



140.802 
152.818 

164.833 182.730 



89.279 

95.954 

102.629 

109.304 

115.979 

129.330 
136.005 
142.680 
156.030 
169.380 



% 



106. 
114. 
122. 
130. 
138. 



134 
144 
154 
164 
174 



138.132 1.57..532 176.848: 196.081 



154.194 
162.204 
170.215 
186.235 
202.255 

218.275 
234.296 



% 



122. 
132. 
141. 
150 
160 



654 
000 
345 
690 
035 



178.725 



138.842 
149.522 
160.202 
170.882 
181.562 

202.923 



Furnished with plain ends and in random lengths, unless otherwise ordered. 
All weights and dimensions are nominal. 
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CARNEGIE STEEL COMPANY 



SCREW THREADS 



AMERICAN BRIDGE COMPANY STANDARD 



Bolts, Rods, Eye Bars, Turnbuckles, Sleeve Nuts, and Clevises 



J* p. 




% f A Jatw 

ft*-! o! 



I 
I 

4 

I 

I 

I 
I 



Diameter 


Area 


Number 

of 
Threads 


Diameter 


Area 


Number 
of 


Total 


Net. 


Total 


Net 


Total, 


Net, 


Total 


Net 


Threads 


d. 


0, 


Di&.. d, 


Dia., c, 


Inch 


d, 


0, 


Dia., d, 


Dia., c. 


^ 


In. 


In. 


Sq.In. 


Sq.In. 


In. 


In. 


Sq.In. 


Sq.In. 


H 


.186 


.049 


.027 


20 


2H 


2.175 


4.909 


3.716 


4 


H 


.294 


.110 


.068 


16 


2% 


2.300 


5.412 


4.156 


4 


H 


.400 


.196 


.126 


13 


2H 


2 425 


6.940 


4.619 


4 


H 


.507 


.307 


.202 


11 


2H 


2.560 


6.492 


6.108 


4 


H 


.620 


.442 


.302 


10 












.731 


.601 


.419 


9 


3 


2.629 


7.069 


6.428 


3H 










3M 


2.879 


8.296 


6.609 


3H 


1 


.838 


.786 


.651 


8 


3H 


3.100 


9.621 


7.649 


SH 


IH 


.939 


.994 


.693 


7 


SH 


3.317 


11.046 


8.641 


3 


IH 


1.064 


1.227 


.890 


7 












IH 


1.168 


1.486 


1.064 


6 


4 


3.567 


12.566 


9.993 


3 


IH 


1.283 


1.767 


1.294 


6 


4M 


3.798 


14.186 


11.330 


2^ 


1% 


1.389 


2.074 


1.516 


6H 


4J4 


4.028 


16.904 


12.741 


2H 


IM 


1.490 


2.406 


1.744 


6 


^H 


4.266 


17.721 


14.221 


2% 


VA 


1.616 


2.761 


2.049 


6 


5 


4.480 


19.635 


16.766 


2H 


2 


1.711 


3.142 


2.300 


4H 


5M 


4.730 


21.648 


17.574 


2H 


2H 


1.836 


3.647 


2.649 


4^ 


6J4 


4.953 


23.758 


19.268 


2% 


2M 


1.961 


3.976 


3.021 


4)^ 


5H 


6.203 


25.967 


21.262 


2H 


2H 


2.086 


4.430 


3.419 


43^ 


6 


6.423 


28.274 


23.095 


2H 



BOLT HEADS AND NUTS 

AMERICAN BRIDGE COMPaNT STANDARD 



-f-™>. 




X- 



X 




*t-g-^ 



^-h-** 




Rough Nut 


Finished Nut 


Rough Head 


Finished Head 


t 


g 


t 


g 


f 


h 


f 


h 


1.6d+H" 


d 1.5d+\W' 


d-\U" 


il.6a+>^" 


0.5 f 


1.5d+H6" 


0.6f— He*' 



For Screw Threads, Bolt Heads and Nuts, the American Bridge Company has adopted the 
Franklin Institute Standard, commonly known as United States Standard. 
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BOLTS 



BOLT HEADS AND NUTS, Dimensions in Inches 



AMRRICAN BBIDOID COUPANT STANDARD 





HEAD 


Diamet,er of Bolt, 
Inches 


NUT 


•o 


Hexagonal 


Hex. or 
Square 


Square 


Hexagonal 


Hex. or 
Square 


Square 


II 


1 


3> 


m 




n 

<^-'; 




©^ 


m 


^0) 




gt—i 


U 




Q 


Diameter 


Diameter 


Diameter 




Diameter 




Long 


Short 


Height 


Long 


Short 


Long 


Short 


Height 


Long 


Short 


H 


Va 


>4 


Ya. 


W 


H 


H 


% 


>4 


H 


H 


H 




ii 

1 


II 


¥ 


1 


II 


^ 


1 


II 




1 


II 


^ 


IH 




ft 


1ft 


H 


IM 


1ft 


/^ 


1^ 


1^"5 


fi 


\U 


e% 


Ul 


IM 


>8 


1ft 


IM 


% 


IH 


1^ 


J4 


lA- 


Si 


2ft 


1ft 


li* 


ift 


V8 


2ft 


1ft 




VA 


IH 


M 


2ft 


IH 


1 


IH 


1^ 




2ft 


IH 


1^ 


2}i 


HI 


\% 


2ft 


US 


1)^ 


2H 


lis 


IJ^ 


2^ 


US 


i^ 


2t^ 


2 


1 


2 8 


2' 


IM 


2ft 


2 


1^ 


2S 


2 


2i''b 


21^^ 


IH 


3H 


2ft 
2H 


IH 


2ft 


2ft 

2^ 


3K 


1 


1/^ 


2H 


2% 


ift 


3H 


1^ 


2% 


IJ^ 


SH 


1^ 


3 


2ft 
2M 




3»/^ 


2ft 


1^ 


3 


ife 


IH 


W% 


2ft 
2% 


li^ 


3ft 


1^ 


3J^ 


2^ 


IM 


3ft 


1^ 


SJi 


IK 


3^H 


2}| 


IH 


4ft 


2if 


1>^ 


3ft 


2B 


IK 


4ft 


2H 


2 


Wz 


3H 


lj*k 


4ft 


3H 


2 


SH 


3H 


2 


4ft 
4il 


3M 


2^ 


\^ 


31^ 




4^ 


3H 


2M 


4ft 


3H 


2M 


3H 


2H 


3K 


2k 


hV^ 


3^ 


2H 


4^ 


3^ 


2H 


6K 


3K 
4>| 


2^ 


4H 


4M 


6 


4M 


2^ 


4if 


4>i 


2M 


6 


3 


5H 


4% 


2ft 


6ft 


4H 


3 


5H 


4^ 


3 


6ft 


4K 


SH 


5JI 


5 


2^ 


7ft 


6 


3M 


61* 


6 


3K 


7ft 


5 


S^ 


6M 


5^ 


2H 


7H 


5K 


3H 


6M 


BVs 


3^ 


7H 


6M 



BOLT THREADS, Length in Inches 



AMEBICAN BRIDGE COMPANT STANDARD 



Length, 


Diameter, Inches 


Inches 


H 


% 


H 


K 


K 


K 


1 


IK 


IK 


1 to IH 


% 


% 


1 


1^ 












IK to 2 


% 


M 


1 


IK 


IK 


IK 








2Kto 2H 


H 


M 


1 


IK 


IK 


IK 


IK 






2Kto 3 


% 


K 


1 


IK 


IK 


IK 


IK 


2K 




3HtO 4 


K 


K 


IM 


IK 


IK 


IK 


IK 


2K 


2K 


4KtO 8 


1 


1 


l>i 


IK 


IK 


2 


2K 


2K 


2K 


SH to 12 


1 


1 


IK 


IK 


2 


2K 


2K 


3 


3 


12Kto20 


1 


1 


IK 


2 


2 2K 


2K 


3 


3 



Bolts not listed are threaded about 3 times the diameter ; in no case are 
standard bolts threaded closer to the head than )^ inch. 
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CARNEQIE STEEL COMPANY 



BOLTS WITH SQUARE HEADS AND NUTS 

AMEBICAN BRIDGE COMPANY 8TANDABD 



Weight in Pounds per 100 Bolts 



Length 
Under 








Diameter of Bolt 


, Inches 








Head, 
Inches 


M 


%6 


% 


%e 


V2 


% 


% 


% 


1 


1 


4 


7 


11 


15 


22 


37 


56 






IH 


4 


7 


11 


16 


23 


. 39 


59 






IH 


5 


8 


12 


17 


24 


41 


62 






IM 


6 


8 


13 


18 


26 


43 


64 






2 


5 


9 


14 


19 


27 


45 


67 


101 


144 


2H 


6 


9 


15 


20 


28 


47 


71 


104 


160 


2H 


6 


10 


15 


21 


30 


49 


74' 


109 


155 


2H 


6 


10 


16 


22 


31 


51 


77 


113 


161 


3 


7 


11 


17 


24 


33 


54 


80 


117 


167 


3H 


7 


12 


18 


25 


35 


58 


86 


126 


178 


4 


8 


13 


20 


28 


38 


62 


92 


134 


189 


4H 


9 


14 


21 


30 


41 


66 


98 


142 


198 


6 


10 


15 


23 


32 


43 


71 


104 


151 


209 


5H • 


10 


16 


25 


34 


46 


75 


111 


159 


220 


6 


11 


17 


26 


36 


49 


79 


117 


168 


232 


6H 






28 


38 


52 


84 


123 


176 


243 


7 






29 


40 


65 


88 


129 


185 


254 


7H 






31 


42 


57 


92 


136 


193 


265 


8 






32 


45 


60 


97 


142 


202 


276 


9 






34 


49 


65 


105 


154 


218 


298 


10 


1 






53 


71 


114 


167 


235 


320 


12 


1 

1 






61 


82 


131 


192 


269 


364 


14 


1 








93 


148 


217 


303 


409 


Per Inch 
Additional 


1.4 


2.2 


3.1 


4.3 


5.6 


8.7 


12.5 


17.0 


22.3 



SQUARE NUTS AND BOLT HEADS 

AMBBICAN BRIDOE COMPANT STANDARD 



Weights in Pounds for One Head and One Nut 



Diameter of Bolt, 
Inches 


U4 


n<i 


•1 •»/ 


2 

8.08 
.8900 


2\^ 


3 


Square Head and Nut — 
Weight of Shank per Inch 


2.05 
.3477 


3.51 
.5007 


5.48 
.6816 


15.5 
1.391 


26.2 
2.003 
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BOLTS 



BOLTS WITH HEXAGON HEADS AND NUTS 

AMBBICAN BBIDOB COMPANY STANDARD 



Weight in Pounds per 100 Bolts 



Length 
Under 


Diameter of Bolt, Inches 


Length 
' Under 
, Head, 

Inches 


Diameter of Bolt Inches 


Head, 
Inches 


H 


% 


% 


% 


1 


V^ 


% 


% 


Va 


1 


1 

IH 

IH 
2 

2H 
2^ 
3 

SH 

3H 

SH 

4 

4>4 
4^ 
5 

6 

7 

7>i 
7>4 
75i 


19 
20 
22 
23 
24 
26 
27 
29 
30 
31 
33 
34 
35 
37 
38 
39 
41 
42 
44 
45 
46 
48 
49 
51 
52 
53 
55 
56 


33 
34 
36 
38 
40 
43 
45 
47 
49 
51 
54 
53 
58 
00 
62 
64 
66 
68 
71 
73 
75 
77 
79 
81 
84 
86 
88 
90 


52 

54 

57 

60 

63 

66 

69 

72 

75 

78 

82 

85 

88 

90 

94 

97 

100 

103 

106 

109 

112 

115 

119 

122 

125 

128 

131 

134 


93 
97 
101 
105 
109 
114 
118 
122 
126 
130 
134 
138 
143 
147 
151 
156 
160 
164 
168 
173 
177 
181 
185 
190 


132 
137 
143 
148 
154 
160 
165 
171 
176 
180 
186 
191 
197 
202 
208 
213 
219 
225 
230 
236 
241 
247 
252 
258 


1 8 

9 

10 

10>4 

11 

! 12 

1 12H 

13 

13H 

14 

14H 
15 

i5yi 

16 

16H 
17 

17H 
18 

18H 
19 

' 19^ 
20 

1 

I 

1 


58 

60 

63 

66 

68 

71 

74 

77 

80 

82 

85 

88 

91 

93 

96 

99 

102 

105 

107 

110 

113 

116 

119 

121 

124 


92 
96 
100 
105 
109 
114 
118 
122 
127 
131 
135 
139 
144 
148 
152 
157 
161 
165 
170 
174 
177 
183 
187 
191 
196 


137 
143 
149 
156 
162 
168 
174 
181 
187 
193 
199 
206 
212 
218 
225 
231 
237 
243 
250 
256 
202 
268 
275 
281 
287 


194 
202 
210 
219 
227 
236 
244 
253 
261 
270 
278 
287 
295 
304 
312 
321 
329 
338 
346 
355 
364 
372 
381 
389 
398 


264 
274 
285 
296 
307 
318 
329 
341 
352 
363 
374 
385 
396 
407 
418 
430 
441 
452 
463 
474 
485 
496 
507 
519 
530 


Per Inch 
Additional 


5.6 


8.7 


12.5 


17.0 


22.3 


Per Inch 
Additional 


5.6 


8.7 


12.5 


17.0 


22.3 



HEXAGON NUTS AND BOLT HEADS 

AMEBICAN BRIDQB COMPANY STANDABD 

Weights in Pounds for One Head and One Nut 



Diameter of Bolt, 
Inches 


1V4 


IV2 


r?4 


2 


2% 


3 


Hexagon Head and Nut . . 
Weight of Shank per Inch 


1.73 
.3477 


2.95 
.5007 


4.61 
.6815 


6.79 
.8900 


13.0 
1.391 


22.0 
2.003 
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CARNEQIB STEEL COMPANY 



UPSET SCREW ENDS FOR SQUARE BARS 

▲MBBICAN BBIDGli COMPANY STAND ABD 




I 
I 

b 



-_i-..i 



Pitch and Shape of Thread A. B. Co. Standard 



J ■ 


BAR 


» 


UPSET 




Area, 

Sq. 

Inches 


Weight 

per 

Foot, 

Lbs. 


Diameter 

b, 

Inches 


Length 

a, 
Inches 


Additional 
Length 

for 

Upset 

+10%, 

Inches 


Diameter 

at 
Root of 
Thread 

c, 
Inches 


Area 


Side of 
Square 

d, 
Inches 


At Root 

of 

Thread, 

Sq. Inches 


.ExoesB 

OVCT 

Area of 
Bar, 

% 


* M 


0.563 


1.91 


IK 


4 


4 


0.939 


0.693 


23.2 


* % 


0.766 


2.60 


l>i 


4 


3>4 


1.064 


0.890 


16.2 


1 


1.000 


3.40 


IH 


4 


4 


1.283 


1.294 


29.4 


IH 


1.266 


4.30 


IM 


4 


3>4 


1.389 


1.515 


19.7 


m 


1.563 


5.31 


VA 


4H 


4>4 


1.615 


2.049 


31.1 


w 


1.891 


6.43 


2 


4K 


4 


1.711 


2.300 


21.7 


IH 


2.250 


7.65 


2K 


5 


5 


1.961 


3.021 


34.3 


m 


2.641 


8.98 


2% 


5 


4H 


2.086 


3.419 


29.6 


iM 


3.063 


10.41 


2H 


5H 


4>^ 


2.175 


3.716 


21.3 


IK 


3.616 


11.95 


2M 


5>^ 


5 


2.425 


4.619 


31.4 


2 


4.000 


13.60 


W% 


6 


5 


2.550 


5.108 


27.7 


2H 


4.516 


15.35 


3 


6 


4>^ 


2.629 


5.428 


20.2 


2H 


5.063 


17.21. 


3K 


6H 


5M 


2.879 


6.509 


28.6 


2H 


5.641 


19.18 


3>i 


7 


6H 


3.100 


7.549 


33.8 


2H 


6.250 


21.25 


3^ 


7 


7 


3.317 


8.641 


38.3 


2M 


6.891 


23.43 


3M 


7 


5H 


3.317 


8.641 


26.4 


2M 


7.563 


25.71 


4 


7M 


6M 


3.567 


9.993 


32.1 


2H 


8.266 


28.10 


4>i 


8 


7H 


3.798 


11.330 


37.1 


3 


9.000 


30.60 


4M 


8 


6 


3.798 


11.330 


25.9 


3H 


9.766 


33.20 


4H 


8K 


7 


4.028 


12.741 


30.5 


3M 


10.563 


35.91 


4J^ 


8H 


7>4 


4.255 


14.221 


34.6 



Upsets marked * are special. 
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UPSET SCREW ENDS 





UPSET SCREW ENDS FOR ROUND BARS 






▲MKBICAN BRIDGE COMPANY STANDARD 








-"iVMVlVI 


VlVtYtYlVMY 
illil 


1 11 1 1 1 1 


MvK-V,'""! 


t 


51 1 


m 


u 

i i 




U 


—-a 


^IMAiAlAiAlAl/ 


K/sAf-- » 

— ** 






Pitch and Shape of Thread A. B. Co. Standard 




BAR 


UPSET 


Diameter 
d. 
Inches 


Area, 
Inches 


Weight 
per 
Foot. 
Lbs. 


Diameter 

b. 

Inches 


Length 

a. 
Inches 


Additiona 
Length 

for 
Upset 

+ 10%, 
Inches 


1 Diameter 

at 
Root of 
Thread 

c. 
Inches 


Area 


At Root 

of 

Thread, 

Sq. Inches 


Excess 
Over 

Area of 
Bar, 

% 


♦ H 


0.442 


1.60 


1 


4 


4 


' 0.838 


0.551 


24.7 


* Vs 


0.601 


2.04 


IM 


4 


6 


1.064 


0.890 


48.0 


1 


0.785 


2.67 


1% 


4 


4 


1.168 


1.054 


34.2 


IH 


0.994 


3.38 


IH 


4 


4 


1.283 


1.294 


30.2 


IH 


1.227 


4.17 


IH 


4 


4 


1.389 


1.515 


23.5 


IH . 


1.486 


6.05 


m 


4 


4 


1.490 


1.744 


17.5 


IH 


1.767 


6.01 


2 


4>4 


4H 


1.711 


2.300 


30.2 


IH 


2.074 


7.05 


2H 


4H 


4 


1.836 


2.649 


27.7 


IH 


2.405 


8.18 


2M 


6 


4 


1.901 


3.021 


25.6 


IH 


2.761 


9.39 


2% 


6 


4 


2.086 


3.419 


23.8 


2 


3.142 


10.68 


2}4 


5^ 


4 


2.175 


3.716 


18.3 


2H 


3.547 


12.06 


2% 


6>4 


3>4 


2.300 


4.156 


17.2 


2H, 


3.976 


13.52 


2yB 


6 


4>i 


2.560 


6.108 


28.4 


2H 


4.430 


16.06 


3 


6 


4>4 


2.629 


6.428 


22.5 


2H 


4.909 


16.69 


3M 


• 6H 


5H 


2.879 


6.609 


32.6 


2H 


6.412 


18.40 


3M 


6M 


4H 


2.879 


6.609 


20.3 


2H 


5.940 


20.19 


ZVi 


7 


5>4 


3.100 


7.549 


27.1 


2H 


6.492 


22.07 


SH 


7 


6 


3.317 


8.641 


33.1 


3 


7.069 


24.03 


3M 


7 


6 


3.317 


8.641 


22.2 


3H 


7.670 


26.08 


4 


734 


6 


3.567 


9.993 


30.3 


3M 


8.296 


28.21 


4 


7J4 


6 


3.667 


9.993 


20.5 


3^ 


8.946 


30.42 


4>i 


8 


634 


3.798 


11.330 


26.6 


3H 


9.621 


32.71 


4K 


8 


5 


3.798 


11.330 


17.8 


3H 


10.321 


35.09 


4>^ 


SH 


6H 


4.028 


12.741 


23.4 


3^ 


11.046 


37.55 


4M 


s^ 


6 


4.266 


14.221 


28.8 


3>g 


11.793 


40.10 


4M 


8HI 


6^ 


4.255 


14.221 


20.6 


Upsets 


marked 


* arespe 


cial. 
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CARNEQIE STEEL COMPANY 



EYE BARS 



AMBRICAN BRIDGB COMPANY STANDARD 



ORDINARY EYE BAR 




BAR 



Thickneas 



Width 
In. 



2H 



6 



8 



9 



10 



12 



14 



16 



Max. 
In. 



Min, 
In. 



1}4 



IH 



H 



Vs 



^ 



HEAD 



Dia. 

t 



4H 
* 6H 



6 

7 

♦ 8 



♦ 9^ 



2 



H 



H 












H 

Vs 
'A 

% 

Vs 



10 

11 

♦12 



12 

13H 
♦15 



14 

14^ 

*1QH 



Maximum 
Pin 



Dia. 
In. 



Excess 
Head 
over 
Bar, 

% 






2H 
3>^ 
4H 



4^ 
6>i 



4J^ 
6H 



37.6 



40.0 



41.7 



Additional 
Material, a, 
Ft. and In. 



For 
order- 
ing 
Bar 



For 

figuring 

Weight 



1- 
1- 4 
1- 9 



1- 3 

1- 7 

2- 



1- 6 
1-11 

2- 4 






163^ 

17i^ 

*18V^ 



18 

19 

♦20 



20 
_22_ 

22H 
24 
*25 



26^ 
28 
*29H 



31 

33 
*34 

36 
♦37^ 



6H 



7 
8 
9 



7 
8 
9 



7y2 

9H 



9 

lOH 
iiM 



10 

IIH 

13 



12 
14 
15 



14 
16 



37.5 



35.0 



37.5 



35.7 



37.6 



3S.9 



35.0 



37.6 



35.7 



37.5 
34.4 



1-11 
2- 3 
2- 8 



0- 7 
0-11 

1- 4 



0-10 
1- 2 
1- 7 



ADJUSTABLE EYE BAR 




vtif-i 



^MUl.'i?.] 



1- 1 

1- 5 
1-10 



2- 1 

2- 8 

3- 3 



2- 4 

2- 6 

3- 2 



2- 7 
2-11 

3- 4 



2- 8 

3- 
3- 4 



2-11 
3- 7 



3- 5 

3- 9 

4- 1 



1- 6 
1-10 

2- 2 



1- 8 

2- 2 
2- 9 



1-10 
2- 1 
2- 8 



2- 2 
2- 6 

2-11 



2- 3 
2- 6 
2-11 



2- 6 

3- 1 



2-10 
3- 3 

3- 7 



3- 8 

4- 2 
4- 8 



4- 3 
4-10 
5^_5 
'4-11 

5- 5 



3- 3 

3- 8 

4- 1 



Minimum length of short end from center of 
pin to end of screw, 6'-6", preferably 7'-0". 

Thread on short end to be left hand. 

Pitch and Shape of Thread A. B. Co. 
Standard. 



BAR 



Width 
In. 



3- 9 

4- 4 

4- 8 



4- 5 
4-10 



Min. 
thick- 
ness 
In. 



2H 



8, 



SCREW END 



Dia. 



Excess 

T, 



2 



5^ 



6 



8 



* l< 

1 

_iH 

* 1^ 



1 



2H 

2H 

2^1 

2H 

2H 

2H 

2H 
2H 
3 

3K 

2>i 

3 

3K 

SH 

4 

4K 



Upset Length 



over 
Bar 

% 



39.6 
36.6 
31.4 



k 

4>i" 

4M 
5 

5K 



41.2 
38.1 

34.3 
41.6 
23.9 



m. 
In. 



For For 
order- figur- 
ing 



4 

4>4 

4H 

5 

6 



23.9 
32.0 
35.7 
44.6 



36.2 
24.1 
30.2 
34.2 
38^ 
25.8 
28.0 
33.2 
37.3 



26.9 
29.5 
32.4 
35.4 



25.9 
27.4 
29.3 
31.4 
35.2 



6 

5H 

6H 



Additional 
Material.b, 
Ft. and In. 



ing 
Bar 



1- 
1- 
0-11 



1- 
1- 
1- 



6H 
6>^ 
6 

en 



6 
6 

7 
7 



7 
7 



1^ 

3h. 



8 

SH 

9 

9H 



1- 
1 -1 
1- 1 



1- 1 
0-11 
1- 1 
1- 2 



1- 
0-11 
1- 
1- 1 
1- 2 





1 
2 




1 
2 
2 




1 



1 
2 



Wt. 



8 

7H 



8 
8 

7H 
7H 

9H 

SH 



SH 
7H 
SH 



8 

7 
8 

SH 
9 



7H 
8 

SH 
OH 



8 

SH 

9 

9>i 



8 

8H 
8>4 
9 
310 



'—'J 



Bars marked * should only be used when 

absolutely unavoidable. 

Deduct pin hole when figuring weight. 
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LOOP RODS 



LOOP RODS 

AUBBICAN BRIDGE COM PANT BTANDABD 




Risrht Thread 




Left Thread 

"*- ^ -*- ^v-3-".JFor Sleeve Nut 

Pitch and Shape of Thread A. B. Co. Standard 

Additional Length "A" in Feet and Inches for One Loop 

A=4.17p+6.89r 



Diam. 
of 










Diameter or Side 


"r" of Rod in] 


[nches 








Pin, 
P 


% 


% 


1 


IH 


IV4 


1% 


m 


1% 


1% 


1% 


2 


m 


O- 


9H 


0-10 


0-11 


0-1134 


















0-10 
0-11 
1- 


0-1034 
0-llH 
1- OH 


0-1134 
1- OK 

1- 134 


1- 
1- 1 
1- 2 


1- 1 
1- 2 
1- 3 


1- 2H 
1- 334 


1- 434 


1- 5 


1- 6 






2 


1- 


1 


1- 134 


1- 2J4 


1- 3 


1- 4 


1- 434 


1- 534 


1- 6 


1- 7 


1- 7K 


1- 8K 


2H 
2H 
2H 


A^ 


2 
3 
4 


1- 3 
1- 4 
1- 6 


1- 334 
1- 434 
1- 6H 


1- 434 
1- 634 
1- 6K 


1- 6 
1- 6 
1- 7 


1- 534 
1- 7 
1- 8 


1- 6K 

1- 734 

1- 834 


1- 7 
1- 8 
1- 9K 


1- 8 
1- 9 
1-10 


1- 8K 
1- 9K 
1-11 


1- 9K 
1-lOK 

1-liK 


3 


1- 


5 


1- 6 


1- 6>^ 


1- 734 


1- 8 


1- 9 


1- 934 


1-lOK 


1-11 


2- 


2- OK 


3>4 
*3M 


1- 


6 

8>^ 


1- 7 
1- 8 
1- 9 


1- 7K 
1- 8>^ 
1-10 


1- 8K 
1- 9K 
1-lOK 


1- 9 
1-10 
1-11 


1-10 
1-11 
2- 


1-1034 

1-llK 
2- OK 


1-llK 

2- OK 
2- IK 


2- 
2- 1 
2- 2 


2- 1 
2- 2 
2- 3 


2- IK 
2- 2K 
2- 3K 


4 


1- 


934 


1-10 


1-11 


1-11>^ 


2- OH 


2- 1 


2- 2 


2- 2K 


2- 3 


2- 4 


2- 4K 


*4K 

4J4 

*45i 






1-11 
2- 
2- 1 


2- 
2- 1 
2- 2 


2- 034 
2- 134 
2- 234 


2- IK 
2- 234 
2- 3K 


2- 2 
2- 3 
2- 4 


2- 3 
2- 4 
2- 5 


2- 3K 
2- 4K 
2- 5K 


2- 4K 
2- 6K 
2- 6K 


2- 6 
2- 6 
2- 7 


2- 6 
2- 7 
2- 8 


5 






2- 234 


2- 3 


2- 334 


2- 4H 


2- 6 


2- 6 


2- 6K 


2- 7K 


2- 8 


2- 9 


*5H 

*5H 








2- 4 
2- 5 
2- 6 


2- 6 
2- 6 
2- 7 


2- 6H 
2- 6H 
2- 734 


2- 6 

2- 734 
2- 834 


2- 7 
2- 8 
2- 9 


2- 7K 
2- 9 
2-10 


2- 8K 
2- 9K 
2-lOK 


2- 9 
2-10 

2-llK 


2-10 
2-11 
3- 


6 








2- 7 


2- 8 


2- 834 


2- 9H 


2-10 


2-11 


2-1 IK 


3- OK 


3- 1 


*6% 










2- 9 
2-10 
2-11 


2- 9H 
2-1034 

3- 


2-1034 

2-1134 
3- 034 


2-11 
3- 
3- 1 


3- 
3- 1 
3- 2 


3- OK 

3- IK 
3- 2K 


3- IK 

3- 2K 
3- 3K 


3- 2 
3- 3 
3- 4 


7 










3- 


3- 1 


3- 134 


3- 2H3- 3 


3- 3k|3- 41-<[3- 5 



Fins marked * are special. Maximum shipping length of ' '1 "=35 feet. 
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CARNEQIE STEEL COMPANY 



CLEVISES 



AlIBBXCAN BRIDGB COMPANY 8TAKDABD 



All dimensions in inches 




Grip=thickne88 of plate + yi" 



o 

go 



3 
4 
5 

6 

7 



Head 


Diameter 




« 




S 


Diameter 






i 

d 


t 


of Pin, 
P 


1 
w 


e 
3t'b 


1 

f 


Q 
a 

5 


of Upset, 
U 


Nut 


Max. 


Min. 
1 


Max. 


Min. 


n 
IH 


b 

2M 


3 


H 


IH 


IH 


1 


4 


H 


2 


IM 


2 


3^ 


IM 


6 


IV% 


IH 


IM 


2% 


5 


H 


2H 


IH 


2H 


43^ 


2Ji 


7 


2H 


1^ 


2^ 


3M 


6 


% 


3 


2 


3 


6^ 


2M 


8 


2>4 


2 


2H 


4!^ 


7 


H 


3H 


2H 


3H 


6tk 


3^ 


9 


2% 


2^ 


3 5 



5-3 



4 

8 

16 

26 

.^0 



§o 



3 
4 
5 
6 

7 



Clevis Numbers fob Various Rods and Pins 



Rods 


Pins 


Round 


Square 


Upset 


1 


VA 


iy2 

3 


1% 


2 


2Vi 


2V2 


2% 


3 


3y4 


3H 


Va, 




1 


3 


3 








% 




IH 


3 


3 


3 
4 


4 
4 


4 
4 
















4 




1 




1!^ 




4 


4 


4 


4 














IH 


1 


IH 




4 


4 


4 


4 


5 


6 










IM 


IH 
IM 


1^ 
IM 
1^ 




4 


4 
5 
5 


4 


4 
5 


5 
5 
6 


5 
5 
5 










1^ 


5 
5 




IH 


6 




1^ 


IH 


2 

2H 






5 
5 


5 
5 


5 
6 


5 


5 
5 


6 
6 


6 
6 






1^ 


5 




IJ^ 


IH 


2K 










6 


6 


6 


6 


6 


7 


7 


2 


1^ 
1% 
1^ 


2^ 
2>4 
2M 










6 
6 


6 
6 


6 
6 

7 


6 


6 

6 


7 

7 
7 


7 


2H 


6 

7 


A 
i 


2M 


7 


7 


2iVg 


2 


2Jg 














7 


7 


7 


7 


w 
tf 



Clevises to be used with the Rods and Pins given above. 

Clevises above and to right of zigzag line may b3 used with forks straight, those below and 
to left of this line should have forks closed so as not to overstrain pin. 
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TURNBUCKLES AND SLEEVE NUTS 





TURNBUCKLES AND SLEEVE NUTS 










AMBBICAN BBIDGE COMPANY BTANDABD 














All Dimensions in ] 


[nches 








TURNBUCKLES 






SLEEVE 


NUTS 




--d-»t*--- 


-a — **-dr* 








»*-d-«r»— 4-«^*<l-*! 






1 
1 


.1 


a 




1 


'*~b— 


1 
J ve... . 


! q" 

II 4j , 

J * ! 


^1 


IOLb 


osst 


;:fc 


\ 1 

_i 


G...J.. 




— 1- 


a=6"; a=9" far turnbuckles marked *. 


^ %" ~ ~ 






Pitch and shape of thread, A. B. Co. Standard. 


Pitch and shape of thread, A. B. Co 


. standard 


Diam. 


Standard Dimensions 


if 

►^ o 


DianL 


Standard Dimensions 




-»a n 


of 
Screw 










of 
Screw 


























1 

1 








u 


d 


1 





t 


s 


b 


^S^ 


u 


d 


1 


a 


b 


c 


t 


^^ 


7M 


ft 


ft 


H 


1ft 




1 
















^6 


U 


7ft 


% 


M 


H 


IVs 


1 


















H 


% 


7H 


% 


M 


^ 


W% 


1 


















A 


\l 


7H 


w 


ft 


M 


1ft 


IH 


















H 


\% 


7K 


w 


ft 


M 


1ft 


1>^ 


















H 


IH 


8M 


1ft 


H 


y% 


2 


2 


















% 


lA 


8H 


IJi 


M 


1 


2M 


3 


yk 


IK 


7 


IK 


IK 


IK 


K 


3 


1 


IH 


9 


1ft 


ft 


Ui 


2ft 


4 


1 


IK 


7 


IK 


IK 


IK 


K 


3 


IH 


IH 


9H 


1ft 


H 


i>i 


2ft 


5 


IH 


IK 


7K 


2 


2ft 


IK 


ft 


4 


IM 


W% 


9% 


1ft 


H 


IH 


2% 


6 


IM 


IK 


7K 


2 


2ft 


IK 


ft 


4 


1^ 


2t\. 


lOM 


lii 


^ 


1^ 


3ft 


7 


IK 


2 


8 


2K 


2K 


IK 


K 


5 


IH 


2M 


lOH 


1% 


5^ 


IM 


3ft 


8 


IK 


2 


8 


2K 


2K 


IK 


K 


6 


1^ 


2/« 


lOJ^ 


2 


^ 


iJi 


3H 


10 


IK 


2K 


8K 


2K 


3ft 


IK 


ft 


8 


IM 


2^ 


11^ 


2H 


^ 


2 


3M 


11 


IK 


2K 


8K 


2K 


3ft 


IK 


ft 


9 


iJi 


2t3 


115^ 


2ft 


H 


2^ 


3^ 


12 


IK 


2K 


9 


3K 


3K 


2K 


K 


10 


2 


3 


12 


2^ 


H 


2M 


4M 


14 


2 


2K 


9 


3K 


3K 


2K 


K 


11 


2J^ 


3A 


12M 


2>^ 


3^ 


2H 


4^ 


17 


2K 


2K 


9K 


3K 


4ft 


2K 


ft 


14 


2M 


3H 


12M 


2tt 


13 


2H 


4% 


20 


2K 


2K 


9K 


3K 


4ft 


2K 


ft 


15 


2% 


3A 


13H 


2M 


11 


2M 


4^ 


22 


2K 


3 


10 


3K 


4K 


2K 


K 


18 


2>^ 


Wa, 


13H 


3ft 


1$ 


3 


55i 


25 


2K 


3 


10 


3K 


4K 


2K 


K 


19 


2% 


4H 


14K 


3M 


11 


3^ 


5M 


33 


2K 


3K 


lOK 


4K 


411 


2K 


U 


23 


2^ 


4ft 


14^ 


3ft 


life 


3M 


6ft 


36 


2K 


3K 


11 


4K 


^% 


3K 


K 


27 


3 


4H 


15 


3H 


lA 


3H 


6H 


40 


3 


3K 


11 


4K 


5K 


3K 


K 


28 


3M 


4JI 


15M 


3K 


ift 


4 


6% 


60 


3K 


3K 


iiK 


5 


613 


3K 


13 


35 


3H 


5M 


16^ 


4Ji 


ift 


4 


7Ji 


65 


3K 


4 


12 


s% 


6K 


3K 


K 


40 


3M 


5M 


17Ji 


4ft 


ift 


5 


8M 


95 


3K 


4K 


12K 


6K 


61i 


3K 


11 


47 


4 


6 


18 


4^ 


ift 


6 


8^ 


108 


4 


4K 


13 


6K 


7ft 


4K 


1 


55 


*4>i 


6M 


21H 


4M 


m 


5ft 


9M 


140 


4K 


4K13K 


6K 


7K 


4K 


Ift 


65 


*4H 


6!^ 


22>4 


5^ 


l5<i 


^Yi 


10^ 


195 


4K 


5 


14 


6K 


718 


4K 


Ift 


75 


*4M 


7M 


'23H 


5^ 


2 


Q}4 


IIM 


205 


















*5 


7>^ 


24 


6 


2K 


6M 


UK 


250 
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CARNEQIE STEEL COMP. 



EECESSED PIN NUTS 



All Dimenslona In Inches 




NuU tlunded 8 thrtadi pra inch. 



:|5I 



COTTER PINS 




Pin 


_ ■ 




"»'" 


Pi, 


g^ 


Co(tn 


ii 


"i^ 


i 


B 


1' 


l« 


X 


P 


1 


^^^ 






!! 


l| 




i 


'A 


H 


















^H 


k 


1 




n 


^ 


1 


5 


i 










'A 









RIVETS 



STRUCTURAL RIVETS 

AMBBZOAN BRIDOE COMPANY BTANDABD 

Dimensions in Inches 
-2 ^ 







■1^0 — -^ 



1%-- 




^— -I9i6--' 





-^ 



6^ 

5>i" 



i/^ S 



% 



i.-2%2-' 



-IV 



M 



9\ 



General Formulas for Proportions op Rivets, in Inches 
** a -», p^^ driven head, diameter, a=1.5 d + H" 

depth, b=0.425a 
radius, c=b 
radius, e=1.5b 



4^ Countersunk head, depth, f=0.5 d 

*• 

diameter. g=l. 577 d 




-*1 a<4 
g 



y 
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CARNEGIE STEEL COMPANY 



STRUCTURAL RIVETS 



AMERICAN BRIDGE COM PANT STANDARD 



Lengths op Field Rivets for Various Grips 

Dimensions in Inches 



i»-Grip, a-^ 




j» "Grip, a* 




-Lenarth---*' ♦ Length »* 



Grip, b 




;♦ — Grip, b — ♦] 



'♦—-Length-—*' 




h Length 



Diameter 
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RIVETS 







STRUCTURAL RIVETS 






AMERICAN BRZDQB COMPANY STANDARD 




Weight in Pounds per 100 Rivk'i's with 


Button Heads 


Length 
Under 
Head, 
Inchea 


Diftmeter of Rivet, Inches 


Length 
Under 
Head, 
Inches 


Diameter of Rivet, Inches 


% 


V2 


% 


% 


% 


1 


IVs 


IV4 


% 


V2 


53 


% 


% 


1 


IH 


m 




















1 
5 


18 


33 


78 


109 


146 


190 


252 




















% 


18 


34 


54 


80 


111 


149 


193 


256 


VA 


6 


12 














Ya, 


19 


34 


55 


82 


113 


152 


197 


260 


H 


7 


13 














% 


19 


35 


56 


83 


115 


155 


200 


265 


H 


7 


13 


23 


35 


50 


68 


91 


130 


M 


20 


36 


57 


85 


118 


157 


204 


269 


H 


7 


14 


24 


36 


52 


71 


95 134 


% 


20 


36 


58 


86 


120 


160 


207 


273 


% 


8 


15 


25 


37 


54 


74 


98 139 


Ya, 


20 


37 


60 


88 


122 


163 


211 


278 


Vk 


8 


15 


26 


39 


56 


77 


102! 143 


y% 


21 


38 


61 


89 


124 


166 


214 


282 


2 


9 


16 


27 


41 


58 


80 


105 


148 


6 


21 


38 


62 


91 


126 


169 


218 


287 


H 


9 


17 


28 


43 


60 


82 


109 


152 


H 


22 


39 


63 


93 


128 


171 


222 


291 


'i "^ 


9 


18 


29 


44 


62 


85 


112 


156 


K 


22 


40 


64 


94 


130 


174 


225 


295 


% 


10 


18 


30 


46 


64 


88 


116 161 


Y% 


22 


40 


65 


96 


132 


177 


229 


300 


M 


10 


19 


31 


47 


67 


91 


119 165 


H 


23 


41 


66 


97 


135 


180 


232 


304 


Vs 


11 


20 


32 


49 


69 


93 


123 169 


Ys 


23 


42 


67 


99 


137 


182 


236 


308 


H 


11 


20 


34 


50 


71 


96 


126 


174 


H 


24 


43 


68 


100 


139 


185 


239 


313 


H 


11 


21 


35 


62 


73 


99 


130 


178 


H 


24 


43 


69 


102 


141 


188 


243 


317 


3 


12 


22 


36 


54 


75 


102 


133 


182 


7 


24 


44 


70 


104 


143 


191 


246 


321 


H 


12 


22 


37 


55 


77 


105 


137 187 


H 


25 


45 


71 


105 


145 


194 


250 


326 


. K 


13 


23 


38 


57 


79 


107 141 191 


H 


25 


45 


73 


107 


147 196 


253 


330 


i % 


13 


24 


39 


58 


81 


110 144 195 


% 


26 


46 


74 


108 


149 


199 


257 


334 


H 


13 


24 


40 


60 


84 


113| 148200 


H 


26 


47 


75 


110 


152 


202 


260 


339 


% 


14 


25 


41 


61 


8G 


116 


151' 204 


Y% 


26 


47 


76 


111 


154 


205 


264 


343 


5i 


14 


26 


42 


63 


88 


118 


155 208 


M 


27 


48 


77 


113 


156 


207 


267 


347 


y% 


15 


27 


43 


64 


90 


121 


158 213 


K 


27 


49 


78 


114 


158 


210 


271 


352 


4 


15 


27 


44 


66 


92 


124 


162 


217 


8 


27 


50 


79 


116 


160 


213 


274 


356 


H 


15 


28 


45 


68 


94 


127 


165 


221 


H 


28 


50 


80 


118 


162 


216 


278 


360 


^ 


16 


29 


47 


69 


96 


130 


169 


226 


M 


28 


51 


81 


119 


164 


219 


281 


365 


H 


16 


29 


48 


71 


98 


132 


172 230 


% 


29 


52 


82 


121 


166 


221 


285 


369 


. H 


16 


30 


49 


72 


101 


135 


176 234 


M 


29 


52 


83 


122 


169 


224 


288 


373 


' 5^ 


17 


31 


50 


74 


103 


138 


179 239 


% 


29 


53 


84 


124 


171 


227 


292 


378 


5i 


17 


31 


51 


75 


105 


141 


183' 243 


H 


30 


54 


86 


125 


173 


230 


295 


382 


K 


18 


32 


52 


77 


107 143 186 247 

1 


Ys 


30 


54 J87 

1 


127 


175 


232 


299, 386 

1 




Button Hea 


« 


. 


Diameter of 


Rivets, Inches 


ds 


Pounds. . . 


% 
2.4 


V2 
5.0 


% 


16.0 


% 


1 
35.0 


IVs 


iy4 


100 Hei 


ads as made on ri\ 


'ets, 


9.7 


24.0 


49.0 


78.0 


100 He 


ads as driven in yt 


ork. Pounds. . . 


1.9 


4.0 


7.5 


12.5 


18.5 


27.0 


37.5 


51.0 
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CARNEQIE STEEL COMPANY 



AMERICAN BRIDGE COMPANY 



SPECIFICATIONS FOR STEEE STRUCTURES 



Design, Details of Construction and Workmanship 



Adoptbd 1912 



DESIGN 



1. Loads. The steel frame of all structures shall be designed 
so as to safely support the dead and live loads. The dead load shall 
consist of the weight of all permanent construction and fixtures, 
such as walls, floors, roofs, interior partitions, and fixed or permanent 
appliances. The live load shall consist of movable loads on floors, 
loads due to machinery or other appliances, and the exterior loads 
due to snow on the roof and to wind. 

2. For structures carrying traveling machinery, such as cranes, 
conveyors, etc., 25% shall be added to the stresses resulting from 
such live load, to provide for the effect of impact and vibrations. 

3. The wind pressure shall be assumed acting horizontally in 
any direction as follows: — 

First: For finished structures — A pressure of 20 pounds per 
square foot on the sides and ends of buildings and on the vertical 
projection of roof surfaces, or 

Second: In process of construction — A pressure of 30 pounds 
per square foot on vertical surfaces and the vertical projection of 
inclined surfaces of all exposed- metal or other frame work. 

4. Unit Stresses. All parts of structures shall be proportioned 
so that the sum of the dead and live loads, together with the 
impact, if any, shall not cause the stresses to exceed the following 
amounts in pounds per square inch: 
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CONSTRUCTION SPECiPiCATiONS 



Tension, net section, rolled steel 16000 

Direct compression, rolled steel and steel castings . . . 16000 
Bending, on extreme fibers of rolled shapes, built 

sections, girders, and steel castings 16000 

Bending on extreme fibers of pins 24000 

Shear on shop rivets and pins 12000 

Shear on bolts and field rivets 10000 

Shear — average — on webs of plate girders and rolled 

beams, gross section 10000 

Bearing pressure on shop rivets and pins 24000 

Bearing on bolts and field rivets 20000 

The pressure per linear inch on expansion rollers shall not exceed 
600 times the diameter of rollers in inches. 

Axial compression of gross sections of columns, for 

ratio of i up to 120 19000—100 - 

with a maximum of 13000 

where 1 =efifective length of members in inches, 

r=BCorresponding radius of gyration of section in 
inches. 

For ratios of ~ up to 120, and for greater ratios up to 200, use 

the amounts given in the following table. For intermediate ratios, 
use proportional amounts. 



Ratio 


Amount 


Batio 


Amount 


60 


13000 


130 


6500 


70 


12000 


140 


6000 


80 


11000 


150 


5500 


90 


10000 


160 


5000 


100 


9000 


170 


4500 


110 


8000 — 


180 


4000 


120 


7000 


190 


3500 



! 5. For bracing and combined stresses due to wind and other 
I loading, .the permissible working stresses may be increased 25% — 

provided the section thus found is not less than that required by the 

dead and live loads alone. 

PROPORTION OP PARTS 

6. General. The effective or unsupported length of main 
compression members shaU not exceed 120 times, and for secondary 
members 200 times, the least radius of gyration. 
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CARNEQIE STEEL COMPANY 



7. In proportioniog columns, provision must be made for 
eccentric loading. 

8. In proportioning tension members, net section must be used. 
Rivet holes deducted must be taken ^ inch larger than the nominal 
size of rivets. 

9. Members subject to the action of both axial and bending 
stresses shall be proportioned so that the greatest fiber stress will 
not exceed the allowed limits in that member. 

10. Members subject to alternate stresses of tension and 
compression shall be proportioned for the stress giving the largest 
section, but their connections shall be proportioned for the sum of 
the stresses. 

11. Girders. Rolled I-beams and channels, and built-up members 
used as beams and girders shall be proportioned by their moments 
of inertia. 

12. Plate girder webs shall have a thickness not less than ^6o 
of the unsupported distance between flange angles. The webs 
shall have stiffeners, generally in pairs, over bearings, at points of 
concentrated loading, and at other points where the thickness of 
the web is less than Veo of the unsupported distance between 
flange angles, generally not farther apart than the depth of the web 
plate, with a maximum limit of six (6) feet. 

13. The lateral unsupported length of^beams and girders shall 
not exceed 40 times the width of the compression flange. When the 
unsupported length (1) exceeds 10 times the width (b) of the 
compilession flange, the stress per square inch in the compression 

flange shall not exceed 19000— 300-r. 

DETAILS OF STEEL CONSTRUCTION 



14. General. Adjustable members in any part of structures shall 
preferably be avoided. 

15. Sections shall preferably be made symmetrical. 

16. No connection, except lattice bars, shall have less than two rivets. 

17. Trusses shall preferably be riveted structures. Heavy 
trusses of long span, where the riveted field connections would 
become unwieldy, or for other good reasons, may be designed as 
pin-connected structures. 

18. Abutting joints in compression members faced for bearing 
shall be spliced sufficiently to hold the connecting members accu- 
rately in place. All other joints in riveted work, whether in tension 
or compression, shall be fully spliced. 
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19. Lateral, longitudinal and transverse bracing in all structures 
shall preferably be composed of rigid members, and shall be designed 
to be sufficient to withstand wind and other lateral forces when 
building is in process of erection as weU as after completion. 

20. Girders. When two or more rolled beams are used to form a 
girder, they shall be connected by bolts and separators at intervals 
of not more than 5 feet. All beams having a depth of 12 inches and 
more shall have at least two bolts to each separator. 

21. The flange plates of all girders shall be limited in width, so 
as not to extend more than 6 inches beyond the outer line of rivets 
connecting them to the angles, or eight times the thickness of the 
thinnest plate. 

22. Web stiff eners shall be in pairs, and shall have a close bearing 
against the flange angles. Those over the end bearing or forjming 
the connection between girder and column shall be on fillers. 
Intermediate stiff eners may be on fillers or crimped over the flange 
angles. 

23. Web plates of girders must be spliced at all points by a 
plate on each side of the web, capable of transmitting the full stress 
through splice rivets. 

24. RiyetinflT. The minimum distance between centers of rivet 
holes shall be three diameters of the rivet; but the distance shall 
preferably be not less than 3 inches for % inch rivets, 2J^ inches 
for % inch rivets, 2 inches for % inch rivets, and 1% inches for }^ 
inch rivets. The maximum pitch in the hne of the stress for 
members composed of plates and shapes will be 6 inches for % inch 
rivets, 6 inches for % inch rivets, 43^ inches for % inch rivets and 
4 inches for J^ inch rivets. 

25. For angles in built sections with two gauge lines, with 
rivets staggered, the maximum pitch in each line shall be twice as 
great as given above. Where two or more plates are in contact, 
rivets not more than 12 inches apart in either direction shall be used 
to hold the plates together. 

26. The minimum distance from the center of any rivet hole 
to a sheared edge shall be 1 j^ inches for J^ inch rivets, IJ^ inches 
for % inch rivets, \]/% inches for % inch rivets, and 1 inch for J^ 
inch rivets; and to a rolled edge, IJ^, IJ^, 1, and % inches, 
respectively. 

27. The maximum distance from any edge shall be eight times 
the thickness of the plate. 
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28. The pitch of rivets at the ends of built compression members 
shall not exceed four diameters of the rivets for a length equal to 
one and one-half times the maximum width of the member. 

29. Latticing. The open sides of compression members shall be 
provided with lattice bars, having tie plates at each end and at | 
intermediate points where the lattice is interrupted. The tie 
plates shall be as near the ends as practicable. In main members ' 
carrying calculated stresses, the end tie plates shall have a length | 
not less than the distance between the lines of rivets connecting , 
them to the flanges, and intermediate ones not less than half 
this distance. Their thickness shall not be less than one-fiftieth | 
of the same distance. i 

30. The latticing of compression members shall be proportioned , 
to resist a shearing stress equal to 2% of the direct stress. The 
minimum thickness of lattice bars shall be for single lattice, one- ' 
fortieth, and for double lattice, one-sixtieth of the distance between | 
the end rivets. Their minimum width shall be as follows: 

For 15 inch channels, or built sections with ' 

3J^ and 4 inch angles 2}'2 inches (J^ inch rivets). | 

For 12, 10 and 9 inch channels, or built 

sections with 3 inch angles 234 inches (% inch rivets). ' 

For 8 and 7 inch channels, or built I 

sections with 23^ inch angles 2 inches (5^ inch rivets). 

For 6 and 5 inch channels, or built 

sections with 2 inch angles 1^ inches (J/^ inch rivets). 

31. The inclination of lattice bars with the axis of the member ' 
shall generally be not less than 45 degrees. When the distance 
between the rivet lines in the flanges is more than 15 inches, if a 
single rivet bar is used, the lattice shall be double. 

32. The pitch of lattice connections, along the flange, divided , 
by the least radius of gyration of the member between connections, 
shall be less than the corresponding ratio of the member as a whole. 

33. Pins. Pin holes shall be reinforced by plates where necessary. ' 
At least one plate shall be as wide as the projecting flanges will 
allow ; where angles are used, this plate shall be on the same side as 
the angles. The plates shall contain sufiicient rivets to distribute 
their portion of the pin pressure to the full cross section of the 
member. 

34. Pins shall be long enough to insure a full bearing of all parts 
connected upon the turned-down body of the pin. Members 
packed on pins shall be held against lateral movement. 

130 



CONSTRUCTION SPECIFICATIONS 



WORKMANSHIP 



35. General. The workmanship shall be equal to the best 
practice in modern structural works. Shearing shall be done 
accurately, and all portions of the work exposed to view shall be 
neatly finished. 

36. Panchinff. The diameter of the punch shall not be more 
than %6 inch, nor that of the die more than H inch, larger than 
the diameter of the rivet. Punching shall be done accurately, but 
an occasional slight inaccuracy in the matching of holes may be 
corrected with reamer. Drifting to enlarge unfair holes will not 
be allowed. 

37. Rivetimr. The size of rivets shaU be as called for on the 
plans. Rivets shall be driven by pressure tools wherever possible. 
Pneumatic hammers shall be used in preference to hand driving. 
Rivets shall look neat and finished, with heads of approved shape, 
full and of equal size. They shall be centered on the shank and 
shall grip the assembled pieces firmly. 

38. ABflembliiiff. Riveted members shall have all parts well 
pinned up and firmly drawn together with bolts before riveting 
is commenced. Contact surfaces shall be painted. Abutting 
joints shall be cut or dressed true and straight and fitted closely 
together. In compression joints depending on contact bearing, the 
surfaces shall be truly faced, so as to have even bearing after they 
are riveted up complete and when perfectly aligned. The several 
pieces forming one built member shall be straight and shall fit 
closely together, and finished members shall be free from twists, 
bends or open joints. 

39. Eye Bars. Eye bars shall be straight and true to size, and 
shall be free from twists, folds in the neck or head, or any other 
defect. Heads shall be made by upsetting, rolling or forging. 
Welding will not be allowed. Before boring, each eye bar shall be 
perfectly annealed and carefully straightened. Pin holes shall be 
in the center line of bars and in the center of heads. Bars of the 
same length shall be bored so accurately that, when placed 
together, pins %2 inch smaller in diameter than the pin holes can 
be passed through the holes at both ends of the bars at the same 
time. 

40. Pins. Pins and rollers shall be turned accurately to gauges, 
and shall be straight, smooth and entirely free from flaws. Pin holes 
shall be bored true to gauges, smooth and straight, at right angles 

. to the axis of the member and parallel to each other, unless other- 
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wise called for. Wherever possible, the boring shall be done after 
the member is riveted up. The distance from center to center of 
pin holes shall be correct within %2 inch, and the diameter of the 
hole not more than Vso inch larger than that of the pin for pins 
up to 5 inches diameter, and %2 inch for larger pins. 

41. Bed Plates. Expansion bed plates shall be planed true and 
smooth. The cut of the planing tool shall correspond with the 
direction of expansion. 

42. Annealing. Steel, except in minor details, which has been 
partially heated, shall be properly annealed. Welds in steel will 
not be allowed. All steel castings shall be annealed. 

43. Painting. Steelwork, before leaving the shop, shall be 
thoroughly cleaned and given one good coating of such paint as 
may be called for, well worked into all joints and open spaces. 

44. In riveted work, the surfaces coming in contact shall be 
painted before being riveted together. 

45. Machine finished bearing surfaces coming in contact with 
similar surfaces should be coated with white lead and tallow before 
shipment. 

46. Inspection. The manufacturer shall furnish all facilities for 
inspecting and testing the weight, quality of material and work- 
manship. He shall furnish a suitable testing machine for testing 
the specimens, as well as prepare the pieces for the machine free of 
charge. 

47. He shall give the inspector for the purchaser free access 
to all parts of the works where the material under inspection is 
manufactured. 
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ELEMENTS OF SECTIONS 



Definitions 

In the computations of structural designing, certain mathematical 
expressions are used to designate the values of structural shapes in 
the various conditions under which they are subjected to stress. 
In the pages which immediately follow, these values, usually called 
properties, are given in United States measurements for shapes 
common in structural designs, and are defined as follows : — 

A— Area of Section* expressed in square inches. 

r— Radius of Gyration. The distance in inches from the center of 
moments of a section to the point or line at which its area is consid- 
ered concentrated. The radius of gyration of a section referred 
to any axis is always the square root of the moment of inertia 
of the section referred to that axis divided by the area. 

I— Moment of Inertia. The summation, expressed in inches to the 
fourth power, of the products of the elementary areas of a section 
by the squares of their distances from its center of gravity or 
other axis assumed for purposes of computation. 

S— Section Modnins. The moment of inertia divided by the distance 
(n) from the axis of moments to the extreme fiber. In an unsym- 
metrical section there are two section moduli for each axis of 
moments, the least of which determines the safe unit stress. 

Nentral Axis. Axis of moments through center of area. 

z and y. The distance or distances in an unsymmetrical section 
from the back or working line of the section to the centfer of gravity 
of the section. 

The section modulus is used to determine the stress in the extreme 
fiber of a shape subject to bending by dividing the bending moment 
by the section modulus, both expressed in like units of measurement. 
It is also used vice versa in the selection from a table of shapes of 
the proper section required to support a load by dividing the bend- 
ing stress by the allowable fiber stress, both in like units of weight. 

The radius of gyration is used to ascertain the safe load any 
section or shape will sustain when used in compression as a strut 
or column. The unbraced length of the section divided by the 
radius of gyration is denominated the ratio of slendemess. 

The elements of steel sections are based upon the theoretical 
dimensions given in the pages which precede. No account has been 
taken of fillets or rounded corners, neither have any approximations 
entered into any of the calculations. 
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COMPOUND SECTIONS 

Moments of Inertia, Section Moduli, and Radii of Gtbation 

The moment of inertia of a compound section about i ts neutral axis is equal to the sum of 
the moment of inertia, I, of the component parts about axes throu^^ their own centers of gravity, 
plus the areas A, of the component parts multiplied by the squares of the distances d, of their 
own centers of gravity from ue neutral axis of the compound section, or 
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ExAMPLB 1. Required the moments of inertia and tiie 
section moduli about axes 1-1 and 2-2 of a ccKnpound 
f-^- section to be used as a sirder, composed of 
! ^ 1 Web Plate 33"xH" 

4 Flange Angles 6"x4"x^" 
2 Flange Plates 14"x^" 
basing the properties on the gross area oi the section. 

Determine the distances, of the center lines of gravity of 
plates and angles, from the neutral axes of the compound 
section, from the dimensions given, then for 
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„^ 13479.48 
17.50 



30.08 
5792.40 

1497.38 
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Section Modulus, " 
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If it is desired to calculate the properties of the net section, vis., to deduct the area of tiie rivet 
holes, proceed as follows, assuming that J^'' holes for ^''rivets are to bededucted and that not more 
than one rivet will be driven in any one leg of the angles in the same plane of the section. 



4x 



0.875x1.3758 
12 



AXIS 1-1 Ii.i of gross section 
Deduct Ii.i of 4-0^75''xl.375''Rectangl 
•• Ad3of4^.875"xl.375" " 

" Ii.iof2-0..875"xl.75" 

Ad2of2-0.875"xl.75" " = 2xU31xl4.252 = 
Moment of Inertia, net section 

Section Modulus, " " = 
AXIS 2-2 I2-2 of gross section 
Deduct la-aof 4-0.875"xl.375"Rectanglea=4 x ^-375x^758 



= 4x1.203x16.81253 = 

_o. 1.75x0.8758 __ 
_2x j5 



11496.59 
17.50 



tf 



u 



f< 



Ad3of4-0.875"xl.375" 
Ia-aof2:0.875"xl.75" 

Moment of Inertia, net section 
Section Modulus, 



=4 X 1.203x3.753 
_o _ 0.875x1.758 
-2» 12 



480.71 



13479.48 Inches « 

0.76 
1360.16 

0.20 " 
621.77 " 
11496.59 Inches « 

656.95 Inches 8 
549.47 Inches < 
0.31 " 

67.67 •• 
0.78 " 

480.71 Inches « 
68.67 Inches 8 
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COMPOUND SECTIONS— Concluded 



l»— 14 0,67"'"'*** 



^dt^ 



''=^; 



I 
I 



?3 1- 



..^ 
'^^ 



D.5l£ 



"8-"- 



677" ; 



ExAMFLB 2. Required the moments of inertia and radii of 
gyration about axes 1-1 and 2-2 of a column section composed 
as follows : — 

2 Channels 12"x30 pounds per foot, 

2 Flange Plates 14" x%", 

i.-i properties to be baaed on the gross section, no deduction 

being made for holes. 



'^~ i\ 



00 
CO 



I 



>^.164*l 



^ 



Determine the distances, d, of center lines of gravity for 
the various sections from the neutral axes 1-1 and 2-2, in 
accordance with the dimensions given, then for 



AXIS 1-1 Ii.i of 2-12" Channels30 lbs. = 2x 161.65 
Ii-i of 2-14"xM" Plates = 2 ^ -^* * ^-^^^ 



12 



= 323.30 Inches^ 
= 0.98 



«« 



Ad2 of 2-H"xH 



tt 



= 2 X 10.5 X 6.3752 = 853.45 



«« 



Moment of Inertia, gross section 
Radius of Gyration, " " = V 



1177.73 



38.64 



1177.73 Inches* 
^ 5.52 Inches 



AXIS 2-2 I2-2 of 2-12" Channels 30 lbs. = 2x 5.22 = 

Ada of 2-12"Channels301b8.= 2x 8.82x4.1642 = 

I2-2 of 2-14"x^" Plates = 2 x ^^^^^ ^^^ = 



10.44 Inches* 
305.86 " 



343.0 



(( 



Moment of Inertia, gross section 
Radius of Gyration, " " = V 



659.30 



38.64 



659.30 Inches* 
= 4.13 Inches 



1- 



....4_ 



ExAUFia 3. Required the radii of gyration about axes 1-1 
=:^Tirp^^^'6:94'"'T aod 2-2 of a strut section composed as follows : — 
IJlJ" '% *i 4-6"x4"xH" Angles latticed by ^""bars, 

uj I properties to be based on the gross section of angles, no deduc- 
~^ — ^I tions being made for rivet holes nor any allowance for lattice bars. 



k 



,1 



Determine the distances, d, of center lines of gravity of angles 
from neutral axes 1-1 and 2-2 in accordance with the dimensions 
given, then for 



AXIS 1-1 Ii.i of 4r6"x4"x5^" Angles = 4x4.90 = 19.60 Inches* 

Ad2 of 4r%"xi"x%" " = 4x3.61x5.062 = 369.72 



Moment of Inertia, gross section 
Radius of Gjrration, " 



389.32 Inches* 
' 14.44 



AXIS 2-2 Prom tables of radii of gyration for 2 angles placed back to back, 
page 166, rg-a of 4-6"x4"x5i" angles = 2.87 Inches. 

Where sections are assembled without any web or flange plates, as, for example, latticed 
channel columns or latticed angle struts, the radius of gyration, ri can be readily obtained 
without considering the moment of inertia from the radius of gyration, r of one section about 
the neutral axis, and the distance, d, between the center of gravity of the section and the 
neutral axis parallel to the axis of section. 

\/ I + Ad2 . I „ J 

ri = \ J , where -j — rs, and rj = .^ r2+d2 

Thus, in the above e xample, 

ri.i= ^ 5.062+1.172 = 5.19 Inches 
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wise called for. Wherever possible, the boring shall be done after 
the member is riveted up. The distance from center to center of 
pin holes shall be correct within Va2 inch, and the diameter of the 
hole not more than Vso inch larger than that of the pin for pins 
up to 5 inches diameter, and %2 inch for larger pins. 

41. Bed Plates. Expansion bed plates shall be planed true and 
smooth. The cut of the planing tool shall correspond with the 
direction of expansion. 

42. Annealinsr. Steel, except in minor details, which has been 
partially heated, shall be properly annealed. Welds in steel will 
not be allowed. All steel castings shall be annealed. 

43. Painting. Steelwork, before leaving the shop, shall be 
thoroughly cleaned and given one good coating of such paint as 
may be called for, well worked into all joints and open spaces. 

44. In riveted work, the surfaces coming in contact shall be 
painted before being riveted together. 

45. Machine finished bearing surfaces coming in contact with 
similar surfaces should be coated with white lead and tallow before 
shipment. 

46. Inspection. The manufacturer shall furnish all facilities for 
inspecting and testing the weight, quality of material and work- 
manship. He shall furnish a suitable testing machine for testing 
the specimens, as well as prepare the pieces for the machine free of 
charge. 

47. He shall give the inspector for the purchaser free access 
to all parts of the works where the material under inspection is 
manufactured. 
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ELEMENTS OF SECTIONS 



Definitions 

In the computations of structural designing, certain mathematical 
expressions are used to designate the values of structural shapes in 
the various conditions under which they are subjected to stress. 
In the pages which immediately follow, these values, usually called 
properties, are given in United States measurements for shapes 
common in structural designs, and are defined as follows: — 

A— Area of Section, expressed in square inches. 

r— Radios of Gyration. The distance in inches from the center of 
moments of a section to the point or line at which its area is consid- 
ered concentrated. The radius of gyration of a section referred 
to any axis is always the square root of the moment of inertia 
of the section referred to that axis divided by the area. 

I— Moment of Inertia. The summation, expressed in inches to the 
fourth power, of the products of the elementary areas of a section 
by the squares of their distances from its center of gravity or 
other axis assumed for purposes of computation. 

S— Section Modulus. The moment of inertia divided by the distance 
(n) from the axis of moments to the extreme fiber. In an unsym- 
metrical section there are two section moduli for each axis of 
moments, the least of which determines th^ safe unit stress. 

Nentral Axis. Axis of moments through center of area. 

X and y. The distance or distances in an unsymmetrical section 
from the back or working line of the section to the centfer of gravity 
of the section. 

The section modulus is used to determine the stress in the extreme 
fiber of a shape subject to bending by dividing the bending moment 
by the section modulus, both expressed in like units of measurement. 
It is also used vice versa in the selection from a table of shapes of 
the proper section required to support a load by dividing the bend- 
ing stress by the allowable fiber stress, both in like units of weight. 

The radius of gyration is used to ascertain the safe load any 
section or shape will sustain when used in compression as a strut 
or column. The unbraced length of the section divided by the 
radius of gyration is denominated the ratio of slenderness. 

The elements of steel sections are based upon the theoretical 
dimensions given in the pages which precede. No account has been 
taken of fillets or rounded corners, neither have any approximations 
entered into any of the calculations. 
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SQUARE 
Axis of momenU throiurh center 




SQUARE 
Axis of moments on base 



I 
I 

• 

X 

I 
I 



d 

I 



1-^1 






-d- 



SQUARE 
Axis of moments on diagonal 




^sK 



HOLLOW SQUARE 
Axis of moments through center 



X 



I.. 











,-fdi— 


— 




di 










1 d 



— d ** 



A = 

z =■ 

Ii-i = 
Si-i = 

ti-i = 



d, 
2 

_d*_ 

12 

d8 

6 

d_ 
^12 



=0.288676d 



z = 
Ii-i = 

Si-i = 
ri-i = 



d2 

d 
d* 
3 
d8 
3 
_d 



=0.677360d 



A 

z = 

Ii-i = 
Si-i = 

ri-i = 



= da 



=0.707107d 



V2 

d* 
12 

d8 
Jl^ =0.117861 d» 



^^TI^ 



= 0.288676d 



A 

z 

Ii-i 

Si-i 
ri-i 



d2-di« 

d 

2 

12 

d*"di^ 

6d 

/ 12 



HOLLOW SQUARE 
Axis of moments on diagonal 




A 

z 

Ii-i 

Si-i 
ri-i 



da-di« 
d 



V2- 

d*-di^ 

12 
d*-di* 



= 6 -V2d 



^r- = 0.117851 



dA-di* 



V 



da+diS» 
12 
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RECTANGLE 
Azii of iBoments throagrh center 



'T 



L.. 



..i 



A = 

Ii-i = 

Si.i = 

ri-i = 



bd 
d. 
2 

bd8 

12 

bda 



U— b 



Vl2~ 



= 0.288676d 



RECTANGLE 
Axis of momentB on base 



X 

i 
I 
I 



1^- 



A 

X 

Ii-i 



bd 

d 
bd« 

bda 



.._il 



b" -*' 



Si-i = 

n-i = J^ = 0.677360d 



3 
d 



RECTANGLE 
Axi0 of moments on diagonal 




A 

X 

Ii-i 
Si-i 



= bd 



bd 



= Vba+da 

_ b« d« 
— 6 (b8+da) 

bada 
= 6Vba+da 

bd 



ri-i = V 6 (ba+da) 



RECTANGLE 

Axis of moments any line 
thronirb center of sravity 




A 

X 

Ii-i 

Si-i 

ri-i 



= bd 

__ b sin g + d cos a 
— 2 

__ bd (ba stna a + da cosa g) 
-" 12 

_ bd (ba sina g + da cosa g) 
~~ 6 (b sin g + d cos g) 

ba sing g + da cosa g 
12 



=v 



HOLLOW RECTANGLE 
Axis of moments thronsh center 



X 

i 
■ 

t 



1 
.-i-bi -> 



Id 



A = bd- bi di 
d 
2 
bds-bi di» 



X = 



Ii-i = 



12 



o bd8-bi di« 
Si-i = 5ri — *- 



sar 



**— b- 



\ f bd8-bidi8 
^^•^ - ^ 12 (bd-bi di) 
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TRIANGLE 

Axis of moments thronirh 
center of gravity 




1-h-. 



b— — i 




TRAPEZOID 

Axis of moments through 
center of gravity 



j*-bi-*i 




b- — 



TRAPEZOID 
Axis of moments on base 



r-brt 




, b__ 



A = 
X = 

Ii-i= 
Si-i= 

ri-i: 



bd 
2 

2d 
3 

bdg 
36 
bda 
24 
_d^ 

Vis 



_d 
3 



= -7vg==0.236702d 



TRIANGLE 
Axis of moments on base j^ = 

x = 

Ii-i = 
Si-i= 

ri-i= 



bd 

2 
d 
bda 

12 
bd2 

12 

d^ 
6* 



= 0.408248d 



A = 
X = 

Ii-i= 

Si-i= 
ri-i: 



d(b + bi) 
2 

d(b^ + 2b) 
3(b + bi) 



xi = 



d (b + 2bi) 

S (b + bi) 



dg (b« -f 4 bbi H- bi2) 
36 (b + bi) 

da (ba -H 4 bbi + bjg) 
12 (bi + 2 b) 

^ .v,^ w X >/2(b8 4-4bbibia) 
6 (b + bi) 



A 

X 

Ii-i 

Si-i= 

ri-i 



d (b + bi) 
2 

d 

d8 (b + 3 b i) 

12 
da (b -f 3 bi) 

12 
d 



= ^[e- 



Vb + 3b 
b + bi 



REGULAR POLYGON 

Axis of moments through 

center 




/ 






n 
A 

X 

Ii-i= 

Si-i= 

ri-i= 



Number of Sides 

^ naa cot <^ =H nRa sin 2 <^ = nRia tan<^ 



= R = 



a 



2 sin <t> 



xi = Ri 



a 



2 tan0 



A (6 Ra-aa) _ _ A (12 Ria + aa) 
24 ^-Ia-2 — 48 

A(6Ra-aa) ^ _ A(12Ri8 + aa) 
24R ^^^— 48Ri 



-Kj 6 Ra-aa - ra-a^ 
> 24 



V12 Ria + aa 
45 
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CIRCLE A : 

Axis of moments 
throuflrh colter 

It— I 11 ^ 

X \ / I 

I — ^^^^^ — ^.. — 1 n-i: 

HOLLOW CIRCLE ^ = 

Axis of moments 
throoirh center ^ 

; V y J I I oi-l- 

ri-i= 

HALF CIRCLE A = 

Axis of moments throniph 

center of gravity ,x = 

i d-— J 

ri-i= 



da 



4 

dL 
2 

64 
ird« 



32 



= 0.786398 d« 

= 0.049087 d* 
= 0.098176 d« 



d 

4 



X (d2 -di2) 

i 

d 
2 
X (d^-di*) 

64 

X (d*-di*) 

32d 

V d2 + djg 
4 



= 0.786398 (d2-di2) 



0.049087 (d*-di*) 
(d*-di*) 



0.098176 




xd2 

8 



= 0.392699 d2 



'*^^^6t^^ =0.287793d. Xi =-^-=0.212207d 
-ai^g:f4i-= 0.606860 d* 

X itt'X -0-°^3«36d. 

d V (9^r8-64) ^ 0.132168 d 
12x 



HOLLOW 
HALF CIRCLE 

Axis of moments throuflrh ^ 
center of gravity 



A = 



X(d2-^l2) 

8 



= 0.392699 (d2-di2) 



_ 2 (d8-di8) 3xd (d«-dia)-4 (d«-di«) 



X, = 




Ii-i = 

Si-i= 

ri-i 



3 X (d2-di2) -^^ — 6 x (d2-dia) 

9 xa (d*-di*) (d2-di8)-64 (d8-^i8)a 
1152 X (da-di2) 

-J- if X > xi Si-i= — ^r- if Xi > X 



Xl 



= 12 X ^• 



9 xa (d*-di*) (d2-di2)-64 (d8-di8)g 
(d2-di2)2 



ELLIPSE 

Axis of moments 
tlirongrh center 




A = 
X = 

Ii-i= 

Si.i= 

ri-i= 



X ddi 
4 

d 

2 

X d* di 

64 
xda di 

32 

d 

4 



0.785398 ddi 

= 0.049087 d« di 
= 0.098176 d« di 
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I 



— y— • 

—a — >; 



-1- 



t — 



BEAM 



m n 



1 ^ ? <? 



t... 



u ^b 



I m n t 

T"'T"1"" 



A = 



X = 



y = 



ii-i= 



l2-a== 



dt + 2a(m+n) 

_d 
2 

b 

^^'- 4(m-n) (^^"^> 
IT 

2nb8+et«+^^ (b4-t*) 
12 



li 



X 



♦ 




CHANNEL 



A = dt + a (m+n) 



X = 



y = 



1 1-1/=: 



l2-a== 



2 



i^o I ct^ , a(m— n) ,, • o^x 
b^n H — 5 — I — Hs — ^ (b+2t) 



bd '" SCin-n) <^^) 



2nb«+et«+ -^^^ (b*-t*) 



^ 



-Ay« 



r--r-y — 



1 

4 



\ 



X 



.>r-- 



^^<' 



\ 



•J — 1 



>f d 



CT^. 






.|-_.b 



r 



ZEE 

A = t(d+2a) 
d 



z = 



y = 



2b-t 



Tan2a= (d^^)<^^^-^^) 

ll -1-12-3 
Il-1= 



1 2-2= 
l8-8 = 

l4-4= 



bd«-a(d-2t)8 
Tt 

d(b+a)8-2a«c-6abgc 
TT 

l8-2 cosag-Ii-isingg 
cos 2a 

Ii-i cos3a-l2-2 singg 
cos 2a 
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EQUAL ANGLE 



2 




2 



-— a- 

b-d 



T'} 



f- a— ->j 



i;i 



»i 



^ 



A = 

X = 

7 — 

a = 

Ii-i = 

I2-3 = 

1 8-8 = 

I4-4 = 



t (b+c) 

ba+ct 

2(b+c) 

z 

46° 

t(b-x)8+bx8-a (3E-t)« 
3 

Ii-i 

ct8 +c8t+3ct(b-4x+ 2t) a + t*+6tg (2x-4)« 



ct8+c8t+3ctbg+t^ 
15 



ryH 



3 



\ 



4'x 

I 

t...J 



\ 






w 



^-4 
a 
'-1 



••0. " » 

■ a--i- 

b >• 



UNEQUAL ANGLE 

t(b+c) 



T'-T^ 



c d 



-I--* 



A = 

X = 

y = 

Tan2o= 

"li-i = 
1 2-2 = 

1 8-8 = 
I4-4 = 



_t(b+2c)+ca /. 
" 2(b+c) 

t(2a+d)+aa . 

t[(2y-t)d(d-2x) +a(2x-t)(b-Ht-2y)l 

2(li-i-l2-a) 
t(d-x>8+bx8-a(x-t)8 *. 

t(b-y)8+dv8-c(y-t)8 

l2-200saa-Ii-islnaa 
cos 2a 

I i-ico82o-l2-asinaa 
cos 2a 




-^Uj*-. 



i 



TEE 



gan2+2a(m--n) (m+2n)+3tda-^«^) (3d-e) 
= ^ 

_ b 
~ T 

e8(3u+t) +4bm8-2a(m-n)8 ., ,_ 



nb8+Cm- i i)t8+eu8 
12 



■ a(m-n)[2aa-K2a+3t)gl 



. e«Mi)Kt-u)a+2(t+2u)a] 
+ Tii""^ 
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COMPOUND SECTIONS 

Moments of Inertia, Section Moduli, and Radii of Gyration 

The moment of inertia of a compound section about i ts neutral axis is equal to the sum of 
the moment of inertia, I, of tiie component parts about axes throu^^ their own centers of gravity, 
plus the areas A, of the component parts multiplied by the squares of the distances d, of their 
own centers of gravity from uie neutral axis of the compound section, or 



f-f I — ulc 




Moment of Inertia 
Section Modulus 
Radius of Gyration 



II = I+Ad« 

Si = 



n 



ExAMPLB 1. Required the moments of inertia and the 
section moduli about axes 1-1 and 2-2 of a compound 
J — * j^;* - section to be used as a sirder, composed of 

1 Web Plate 33"xH" 
4 Flange Angles 6"x4"x5^" 

2 Flange Plates 14"x^" 
basing the properties on the gross area of the section. 

Determine the distances, of the center lines of gravity of 
plates and angles, from the neutral axes of the compound 
section, from the dimensions given, then for 



2 r3.75 

AXIS 1-1 Ii-i of 4-«"x4"xH" Angles = 4 x 

=:4x 

Plate = 1 X 



\ 



7^2 * 
5.86x15.723 
0.50X 33« 

12 

14x0.75* 

— ns — 



AXIS 2-2 



Ada of 44I"x4"xH" 
Ii-i of l-33"xH" 

Ii-i of 2-WxH" " = 2x 

Ada of 2-14"x5i" " = 2x 10.50 x 17.125a 

Moment of Inertia, gross section ' ^ , 

Section Modulus, " "=^ "^^^^ 

la-a of 4-6"x4"xH" Angles = 4 x 21.07. 
Ada of 4-6"x4"x^'' ^^ = 4 x 6.86x2.28a 

33x0.60« 



30.08 


Inches 


4 


5702.46 


M 




1497.38 


M 




0.98 


«• 




6168.58 


• ( 





Is-a of l-33"xVi" Plate 



= lx 



l2-a of 2-14"x^" •• = 2 X 

Moment of Inertia, gross section 
Section Modulus, 



<f 



«« 



IT 
0.75xl4» 

549.47 
7 — 



13479.48 Inches « 
770.26 Inches « 

84.28 Inches * 
121.85 " 

0.34 



<f 



= 343.00 



«« 



549.47 Inches ^ 
78.50 Inches > 



If it is desired to calculate the properties of the net section, vis., to deduct the area of the rivet 
holes, proceed as follows, assuming that W' holes for %'' rivets are to be deducted and that not more 
than one rivet will be driven in any one leg of the angles in the same plane of ^e section. 



M 



ft 



0.875xl.375» 
15 



AXIS 1-1 Ii-i of gross section 

Deduct Ii.i of 4-0^75''xl.375"Rectangle8= 4 x 

Ada of 4^.875"xl.375" " = 4 x 1.203x16.8125a = 
Ii.iof2-0.875"xl.75" " = 2 x ^•75jt0'8758 _ 

Adaof2-0.875"xl.75" " = 2x1 .531x14.25a = 

Moment of Inertia, net section 

11496.59 



1730 — 



Section Modulus, " " = 
AXIS 2-2 I2-2 of gross section 
Deduct la-aof 4-0.875"xl.375"Rectangles=4 j^l^I^^H^ 
Adaof4^.875"xl.375" " =4x1.203x3.758 



Ifl-2of2:0.875"xl.75" " =2 x 

Moment of Inertia, net section 
Section Modulus, 
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0.875x1.758 
12 

480.71 
= — 7— 



13479.48 Inches « 

0.76 " 

1360.16 " 

0.20 " 

621.77 " 

11496.59 Inches « 

656.95 Inches > 
549.47 Inches < 

0.31 
67.67 

0.78 - 

480.71 Inches « 
68.67 Inches » 
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COMPOUND SECTIONS— Concluded 










ExAMPLB 2. Required the moments of inertia and radii of 
gyration about axes 1-1 and 2-2 of a column section composed 
as follows : — 

2 Channels 12"z30 pounds per foot, 

2 Flange Plates 14" x?i". 

.I properties to be based on the gross section, no deduction 
being made for holes. 

Determine the distances, d, of center lines of gravity for 
the various sections from the neutral axes 1-1 and 2-2, in 
accordance with the dimensions given, then for 



2 '^.164 

AXIS 1-1 Ii.i of 2-12" ChannelsSO lbs. = 2x 

Ii-i of 2-14"x5i" Plates = 2 ^ 

Ada of 2-14"x^ " " = 2 x 10.5 x 6.376a = 



161.65 

14 X 0.76« 

T2 



= 323.30 Inches « 
= 0.«8 
853.45 



<( 



«« 



Moment of Inertia, gross section 
Radius of Gyration, " " = V 



1177.73 



38.64 



AXIS 2-2 



I2-3 of 2-12" Channels30 lbs. = 2x 5.22 = 

Ada of 2-12"Channds301b8.= 2x 8.82 x 4.164a = 

0.75 X 14« 
a 



l2-a of 2-14"xK" Plates = 2x 



1177.73 Inches « 
5Ji2 Inches 

10.44 Inches^ 
305.86 •• 

= 343.0 " 



Moment of Inertia, gross section 
Radius of Gyration, " " = V 



659.30 __ 



38.64 



659.30 Inches A 
4.13 Inches 



f 



1- 




0:94"? 



Jt 



Example 3. Required the radii of gyration about axes 1-1 
and 2-2 of a strut section composed as follows : — 

4-6"x4"x5^" Angles latticed by ^^""bars, 
ip . properties to be based on the gross section of angles, no deduc- 
* — ^^1 tions being made for rivet holes nor any allowance for lattice bars. 

Determine the distances, d, of center lines of gravity of angles 
from neutral axes 1-1 and 2-2 in accordance with the dimensions 
given, then for 



2I 

AXIS 1-1 Ii.i of 4-6''x4"xH" Angles = 4x4.90 

Ada of 4-6"x4"x^g" " = 4 x 3.61 x 5.06a 



= 19.60 Inches « 
= 369.72 



Moment of Inertia, gross section 
Radius of Gyration, " •' = \- 



389.32 



14.44 



389.32 Inches* 
5.10 Inches 



AXIS 2-2 



From tables of radii of gjrration for 2 angles placed back to back, 
page 166, ra-a of 4-6"x4"x5?" angles=2.87 Inches. 

Where sections are assembled without any web or flange plates, as, for example, latticed 
channel columns or latticed angle struts, the radius of gyration, n can be readily obtained 
without considering the moment of inertia from the radius of gyration, r of one section about 
the neutral axis, and the distance, d, between the center of gravity of the section and the 
neutral axis parallel to the axis of section. 

\/ l +Ad8 u I „ J 

ri = \ -^ , where -^ = pa, and rj = .^ ra+da 

Thus, in the above e xample, 

ri.i= ^ 5.06a+1.17a = 5.19 Inches 
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RM^iiinn 


Depth 

of 
Beam 


Weight 
per 
Foot 


Area 
of 

Sec- 
tion 


Width 

of 
Flange 


Thick- 
ness of 
Web 


Axis 1-1 


Axis 2-2 


Index 


I 


r 


S 


I 


r 


S 




In. 


Lbs. 


In.2 


In. 


In. 


In.* 


In. 


In.« 


In.* 


In. 


In. 8 


B31 


27 


83.0 


24.41 


7.500 


0.424 


2888.6 


10.88 


214.0 


63.1 


1.47 


14.1 


B24 


24 


115.0 
110.0 
106.0 


33.98 
32.48 
30.98 


8.000 
7.938 

7.875 


0.750 
0.688 
0.625 


2956.5 

2883.5 
2811.5 


9.33 
9.42 
9.63 


246.3 
240.3 
234.3 


83.2 
81.0 
78.9 


1.57 
1.58 
1.60 


20.8 
20.4 
20.0 


B 1 


24 


100.0 
95.0 
90.0 
85.0 
80.0 


29.41 
27.94 
26.47 
25.00 
23.32 


7.254 
7.193 
7.131 
7.070 
7.000 


0.754 
0.693 
0.631 
0.570 
0.500 


2379.6 
^309.0 
2238.4 
2167.8 
2087.2 


9.00 
9.09 
9.20 
9.31 
9.46 


198.3 
192.4 
186.5 
180.7 
173:9 


48.6 
47.1 
45.7 
44.4 
42.9 


1.28 
1.30 
1.31 
1.33 
1.36 


13.4 
13.1 
12.8 
12.6 
12.3 


B32 


24 


69.5 


20.44 


7.000 


0.390 


1928.0 


9.71 


160.7 


39.3 


1.39 


11.2 


B33 


21 


57.5 


16.85 


6.500 


0.357 


1227.5 


8.54 


116.9 


28.4 


1.30 


8.8 


B 2 


20 


100.0 
95.0 
90.0 
85.0 
80.0 


29.41 
27.94 
26.47 
25.00 
23.73 


7.284 
7.210 
7.137 
7.063 
7.000 


0.884 
0.810 
0.737 
0.663 

o.6oa 


1655.6 
1606.6 
1657.6 
1508.5 
1466.3 


7.50 
7.58 
7.67 
7.77 
7.86 


165.6 
160.7 
155.8 
150.9 
146.6 


52.7 
50.8 
49.0 
47.3 
45.8 


1.34 
1.35 
1.36 
1.37 
1.39 


14.6 
14.1 
13.7 
13.4 
13.1 


B 3 


20 


75.0 
70.0 
65.0 


22.06 
20.59 
19.08 


6.399 
6.325 
6.250 


0.649 
0.575 
0.600 


1268.8 
1219.8 
1169.5 


7.58 
7.70 
7.83 

• 


126.9 
122.0 
117.0 


30.3 
29.0 
27.9 


1.17 
1.19 
1.21 


9.6 

9.2 

,8.9 


B81 

• 


18 


90.0 
85.0 
80.0 
75.0 


26.47 
26.00 
23.53 
22.05 


7.246"' 
7.163 
7.082 
7.000 


0.807 
0.725 
0.644 
0.562 


1260.4 
1220.7 
1181.0 
1141.3 


6.90 
6.99 
7.09 
7.19 


140.0 
135.6 
131.2 
126.8 


52.0 
50.0 
48.1 
46.2 


1.40 
1.42. 
1.43 
1.45 


14.4 
14.0 
13.6 
13.2 


B80 


18 


70.0 
65.0 
60.0 
55.0 


20.69 
19.12 
17.65 
15.93 


6.259 
6.177 
6.095 
6.000 


0.719 
0.637 
0.555 
0.460 


921.2 
881.5 
841.8 
795.6 


6.69 
6.79 
6.91 
7.07 


102.4 
97.9 
93.5 
88.4 


24.6 
23.5 
22.4 
21.2 


1.09 
1.11 
1.13 
1,15 


7.9 
7.6 
7.3 

7.1 


B34 


18 


46.0 


13.63 


6.000 


0.322 


733.2 


7.36 


81.6 


19.9 


1.21 


6.6 


B 5 


15 


75.0 
70.0 
65.0 
60.0 


22.06 
20.59 
19.12 
17.67 


6.292 
6.194 
6.096 
6.000 


0.882 
0.784 
0.686 
0.590 


691.2 
663.7 
636.1 
609.0 


5.60 
5.68 
5.77 
5.87 


92.2 

88.5 
84.8 
81.2 


30.7 
29.0 
27.4 
26.0 


1.18 
1.19 
1.20 
1.21 


9.8 
9.4 
9.0 

8.7 


B 7 


15 


55.0 
50.0 
45.0 
42.0 


16.18 
14.71 
13.24 
12.|8 


5.746 
5.648 
6.550 
5.500 


0.656 
0.558 
0.460 
0.410 


511.0 
483.4 
455.9 
441.8 


5.62 
5.73 

5.87 
5.95 


68.1 
64.6 
60.8 
58.9 


17.1 
16.0 
15.1 
14.6^ 


1.02 

1.04 

1.07 

4.08 


5.9 
5.7 
6.4 
6.3 


B35 


15 


36.0 


10.63 


5.500 


0.289 


405.1 


6.17 


54.0 


13.5 


1.13 


4.9 
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ELEMENTS OP SECTIONS 



F.TiF.MENTS OF STRUCTURAL 

■2 

1 — — -1 

-2 


BEAMS— Concluded 




Depth 


Weight 


Area 
of 

Sec- 
tion 


Width 


Thick- 


Axis 1-1 


Axis 2-2 


Section 
Index 


of 
Beam 


Fwt 


of 
Flange 


ness of 
Web 








I 


r 


S 


I 


r 


S 


In. 


Lbe. 


In.a 


In. 


In. 


In-* 


In. 


In.» 


In.* 


In. 


In.8 


B 8 


.12^ 


55.0 

mo 

45.0 
{ 40.0 


16.18 
14.71 
13.24 
11.84 


5.611 
6.489 
6.366 
6.250 


0.821 
0.699 
0.576 
0.460 


321.0 
303.4 
286.7 
269.0 


4.46 
4.54 
4.65 
4.77 


53.5 
■50:6 
, 47.6 


17.5 
16.1 
14.9 
13.8- 


1.04 
1.05 
1.06 
1.08 


6.2 
6.9 
5.6 
5.3 


B 9 


12 


35.0 
31.5 


10.29 
9.26 


5.086 
5.000 


0.436 
0.350 


228.3 
216.8 


4.71 
4.83 


38.0 
36.0 


10.1 
9.5 


0.99 
1.01 


4.0 
8.8 


B36 


12 


27.5 


8.04 


5.000 


0.255 


199.6 


4.98 


33.3 


8.7 


1.04 


3.5 


Bll 


10 


40.0 
35.0 
BOXi 
26.0 


11.76 

10.29 

8.82 

7.37 


5.099 
4.952 
4.805 
4.660 


0.749 
0.602 
0.455 
0.310 


168.7 
146.4 
134.2 
122.1 


3.67 
3.77 
3.90 
4.07 


31.7 
29.3 
26.8 
24.4 


9.5 
8.5 
7.7 
6.9 


0.90 
0.91 
0.93 
0.97 


3.7 
3.4 
3.2 
3.0 


B37 


10 


22.0 


6.62 


4.670 


0.232 


113.9 


4.18 


22.8 


6.4 


0.99 


2.7 


B 13 


\ 
9 


^ 35^ 
30.0 
25.0 
21.0 


10.29 
8.82 
7.35 
6.31 


4.772 
4.609 
4.446 
4.330 


0.732 
0.569 
0.406 
0.290 


111.8 

101.9 

91.9 

84.9 


3.29 
3.40 
3.54 
3.67 


24.8 
22.6 
20.4 
18.9 


7.3 
6.4 
5.7 
5.2 


0.84 
0.86 
0.88 
0.90 


3.1 
2.8 
2.6 
2.4 


B15 


8 


26.5 
23.0 
20.5 
18.0 


7.50 
6.76 
6.03 
5.33 


4.271 
4.179 
4.087 
4.000 


0.541 
0.449 
0.357 
0.270 


68.4 
64.5 
60.6 
56.9 


3.02 
3.09 
3.17 
3.27 


17.1 
16.1 
15.2 
14.2 


4.8 
4.4 
4.1 
3.8 


0.80 
0.81 
0.82 
0.84 


2.2 
2.1 
2.0 
1.9 


B38 


8 


17.6 


5.15 


4.330 


0.210 


58.3 


3.37 


14.6 


4.5 


0.93 


2.1 


B17 


7 


20.0 
17.5 
15.0 


5.88 
5.15 
4.42 


3.868 
3.763 
3.660 


0.468 
0.353 
0.250 


42.2 
39.2 
36.2 


2.68 
2.76 
2.86 


12.1 
11.2 
10.4 


3.2 
2.9 
2.7 


0.74 
0.76 
0.78 


1.7 
1.6 
1.6 


B 19 


6 


17.25 
14.75 
12.25 


5.07 
4.34 
3.61 


3.575 
3.462 
3.330 


0.475 
0.352 
0.230 


26.2 
24.0 

21.8 


2.27 
2.36 
2.46 


8.7 
8.0 
7.3 


2.4 
2.1 
1.9 


0.68 
0.69 
0.72 


1.3 
1.2 
1.1 


B21 


5 


14.76 

12.25 

9.75' 


4.34 
/3.60 

2.87 


3.294 
3.147 
3.000 


0.504 
0.357 
0.210 


16.2 
13.6 


1.87 
1.94 
2.05 


6.1 
6.5 
4.8 


1.7 
1.5 
1.2/ 


0.63 

0.63 

"0.66 


1.0 

0.92 

0.82 


B23 


4 


10.9 

qI 

8?5 
7.5 


3.09 
2.79 
2.60 
2.21 


2.880 
2.807 
2.733 
2.660 


0.410 
0.337 
0.263 
0.190 


7.1 
6.8 
6.4 
6.0 


1.62 
1.55 
1.59 
1.64 


3.6 
3.4 
3.2 
3.0 


1.0 
0.93 
0.85 
0.77 


0.67 
0.58 
0.58 
0.59 


0.70 
0.66 
0.62 
0.58 


B77 


3 


7.5 
6.5 
5.5 


2.21 
1.91 
1.63 


2.521 
2.423 
2.330 


0.361 
0.263 
0.170 


2.9 
2.7 
2.5 


1.16 
1.19 
1.23 


1.9 
1.8 
1.7 


0.60 
0.53 
0.46 


0.62 
0.62 
0.63 


0.48 
0.44 
0.40 



/ 
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ELEMENTS OF STRUCTURAL CHANNELS 




+— 1 



l^ 





Depth 


Weight 


Area 


Width 


Thick- 


Axis 1-1 


Axia2-2 




Section 
Index 


of 


per 


of 


of 


ness of 


• 






X 


Channel 


Foot 


Section 


Flange 


Web 


I 


r 


S 


I 


r 


S 






In. 


Lbs. 


In.2 


In. 


In. 


In.* 


In. 


In.8 


In.4 


In. 


In.8 


In. 






55.0 


16.18 


3.818 


0.818 


430.2 


5.16 


57.4 


12.2 


0.87 


4.1 


0.82 






50.0 


14.71 


3.720 


0.720 


402.7 


5.23 


63.7 


11.2 


0.87 


3.8 


0.80 


C 1 


15 


45.0 


13.24 


3.622 


0.622 


375.1 


5.32 


50.0 


10.3 


0.88 


3.6 


0.79 


40.0 


11.76 


3.524 


0.524 


347.5 


5.43 


46.3 


9.4 


0.89 


3.4 


0.78 






35.0 


10.29 


3.426 


0.426 


319.9 


5.58 


42.7 


8.5 


0.91 


3.2 


0.79 






33.0 


9.90 


3.400 


0.400 


312.6 


5.62 


41.7 


8.2 


0.91 


3.2 


0.79 






40.0 


11.76 


3.418 


0.758 


196.9 


4.09 


32.8 


6.6 


0.75 


2.5 


0.72 






35.0 


10.29 


3.296 


0.636 


179.3 


4.17 


29.9 


5.9 


0.76 


2.3 


0.69 


O 2 


12 


30.0 ' 


8.82 


3.173 


0.513 


161.7 


4.28 


26.9 


5,2 


0.77 


2.1 


0.68 






25.0 


7.35 


3.050 


0.390 


144.0 


4.43 


24.0 


4.5 


0.79 


1.9 


0.68 






20.5 


6.03 


2.940 


0.280 


128.1 


4.61 


21.4 


3.9 


0.81 


1.7 


0.70 






35.0 


10.29 


3.183 


0.823 


115.5 


3.35 


23.1 


4.7 


0.67 


1.9 


0.70 






30.0 


8.82 


3.036 


0.676 


103.2 


3.42 


20.7 


4.0 


0.67 


1.7 


0.65 


C 3 


10 


25.0 


7.35 


2.889 


0.529 


91.0 


3.52 


18.2 


3.4 


0.68 


1.5 


0.62 






20.0 


5.88 


2.742 


0.382 


78.7 


3.66 


15.7 


2.9 


0.70 


1.3 


0.61 






15.0 


4.46 


2.600 


0.240 


66.9 


3.87 


13.4 


2.3 


0.72 


1.2 


0.64 






25.0 


7.35 


2.815 


0.615 


70.7 


3.10 


15.7 


3.0 


0.64 


1.4 


0.62 


C 4 


9 


20.0 


5.88 


2.652 


0.452 


60.8 


3.21 


13.5 


2.5 


0.65 


1.2 


0.59 


15.0 


4.41 


2.488 


0.288 


50.9 


3.40 


11.3 


2.0 


0.67 


1.0 


0.59 






13.25 


3.89 


2.430 


0.230 


47.3 


3.49 


10.5 


1.8 


0.67 


0.97 


0.61 






21.25 


6.25 


2.622 


0.582 


47.8 


2.77 


11.9 


2.3 


0.60 


1.1 


0.59 






18.75 


5.51 


2.530 


0.490 


43.8 


2.82 


11.0 


2.0 


0.60 


1.0 


0.57 


C 5 


8 


16.25 


4.78 


2.439 


0.399 


39.9 


2.89 


10.0 


1.8 


0.61 


0.95 


0.56 






13.75 


4.04 


2.347 


0.307 


36.0 


2.98 


9.0 


1.6 


0.62 


0.87 


0.56 






11.25 


3.35 


2.260 


0.220 


32.3 


3.11 


8.1 


1.3 


0.63 


0.79 


0.58 






19.75 


5.81 


2.513 


0.633 


33.2 


2.39 


9.5 


1.9 


0.56 


0.96 


0.58 






17.25 


5.07 


2.408 


0.528 


30.2 


2.44 


8.6 


1.6 


0.57 


0.87 


0.56 


C 6 


7 


14.75 


4.34 


2.303 


0.423 


27.2 


2.50 


7.8 


1.4 


0.57 


0.79 


0.54 






12.25 


3.60 


2.198 


0.318 


24.2 


2.59 


6.9 


1.2 


0.58 


0.71 


0.53 






9.75 


2.85 


2.090 


0.210 


21.1 


2.72 


6.0 


0.98 


0.59 


0.63 


0.55 






15.5 


4.56 


2.283 


0.563 


19.5 


2.07 


6.5 


1.3 


0.53 


0.74 


0.55 


C 7 


6 


13.0 


3.82 


2.160 


0.440 


17.3 


2.13 


5.8 


1.1 


0.53 


0.65 


0.52 


10.5 


3.09 


2.038 


0.318 


15.1 


2.21 


5.0 


0.88 


0.53 


0.57 


0.50 






8.0 


2.38 


1.920 


0.200 


13.0 


2.34 


4.3 


0.70 


0.54 


0.50 


0.5^ 






11.5 


3.38 


2.037 


0.477 


10.4 


1.75 


4.2 


0.82 


0.49 


0.54 


0:51 


C 8 


5 


9.0 


2.65 


1.890 


0.330 


8.9 


1.83 


3.6 


0.64 


0.49 


0.45 


0.48 






6.5 


1.95 


1.750 


0.190 


7.4 


1.95 


3.0 


0.48 


0.50 


0.38 


0.49 






7.25 


2.13 


1.725 


0.325 


4.6 


1.46 


2.3 


0.44 


0.46 


0.35 


0.46 


C 9 


4 


6.25 


1.84 


1.652 


0.252 


4.2 


1.51 


2.1 


0.38 


0.45 


0.32 


0.46 






5.25 


1.55 


1.580 


0.180 


3.8 


1.56 


1.9 


0.32 


0.45 


0.29 


0.46 






6.0 


1.76 


1.602 


0.362 


2.1 


1.08 


1.4 


0.31 


0.42 


0.27 


0.46 


C72 


3 


5.0 


1.47 


1.504 


0.264 


1.8 


1.12 


1.2 


0.25 


0.42 


0.24 


0.44 






4.0 


1.19 


1.410 


0.170 


1.6 


1.17 


1.1 


0.20 


0.41 


0.21 


0.44 
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ELEMENTS OF SHIP BUILDING CHANNELS 










¥ 


• 














1-^ J-i 
















• 

• 

2 










Section 
Index 


Depth 

of 
Channel 


Weight 
per 
Foot 


Area 

of 

Section 


Width 

of 
Flange 


Thick- 
ness of 
Web 


Axis 1-1 


Axis 2-2 


z 


I 


r 


S 


I 


r 


S 


In. 


Lbs. 


In.2 


In, 


In. 


In.* 


In. 


In.8 


In.* 


In. 


In.8 


In. 

0.98 
0.97 
0.97 
0.98 
0.99 
1.01 


O 20 


13 


50.0 
45.0 
40.0 
37.0 
35.0 
32.0 


14.71 
13.24 
11.76 
10.88 
10.29 
9.30 


4.416 
4.303 
4.190 
4.122 
4.077 
4.000 


0.791 
0.678 
0.565 
0.497 
0.462 
0.376 


313.8 
293.1 
272.3 
259.9 
251.6 
237.6 


4.62 
4.71 
4.81 
4.89 
4.95 
5.06 


48.3 
45.1 
41.9 
40.0 
38.7 
36.6 


16.7 
15.3 
13.9 
13.1 
12.5 
11.6 


1.07 
1.08 
1.09 
1.10 
1.10 
1.12 


4.9 
4.6 
4.3 
4.2 
4.1 
3.9 


O 170 


12 


50.0 
48.4 
46.3 
44.3 
40.0 
35.0 


14.70 
14.22 
13.62 
13.02 
11.76 
10.30 


4.140 
4.100 
4.050 
4.000 
3.895 
3.773 


0.840 
0.800 
0.750 
0.700 
0.695 
0.473 


268.6 
262.8 
256.6 
248.4 
233.3 
216.8 


4.27 
4.30 
4.33 
4.37 
4.45 
4.58 


44.8 
43.8 
42.6 
41.4 
38.9 
36.0 


17.8 
17.3 
16.6 
16.0 
14.6 
13.0 


1.10 
1.10 
1.11 
1.11 
1.11 
1.12 


5.8 
6.7 
5.5 
5.4 
5.1 
4.8 


1.06 
1.05 
1.06 
1.05 
1.05 
1.07 


C 160 


10 


40.0 
36.9 
34.4 
31.8 
30.0 


11.77 

10.86 

10.11 

9.36 

8.83 


4.091 
4.000 
3.925 
3.850 
3.797 


0.741 
0.660 
0.575 
0.500 
0.447 


157.1 
149.5 
143.2 
137.0 
132.6 


3.65 
3.71 
3.76 
3.83 

3.88 


31.4 
29.9 
28.6 
27.4 
26.6 


16.4 
14.3 
13.4 
12.4 
11.7 


1.14 
1.16 
1.15 
1.15 
1.16 


5.2 
4.9 
4.8 
4.6 
4.4 


1.11 
1.11 
1.11 
1.13 
1.14 


C 150 


10 


30.6 
28.9 
27.2 


9.00 
8.50 
8.00 


3.600 
3.550 
3.600 


0.600 
0.650 
0.500 


117.7 
113.6 
109.4 


3.62 
3.66 
3.70 


23.6 
22.7 
21.9 


8.5 
8.2 
7.8 


0.97 
0.98 
0.99 


3.1 
3.1 
3.0 


0.88 
0.88 
0.89 


C 150b 


10 


21.8 


6.38 


3.375 


0.376 


91.3 


3.78 


18.3 


6.2 


0.99 


2.5 


0.87 


C 140 


9 


34.7 
31.7 
23.6 


10.21 
9.31 
8.41 


4.000 
3.900 
3.800 


0.650 
0.550 
0.450 


115.5 
109.6 
103.4 


3.36 
3.43 
3.51 


25.7 
24.3 
23.0 


13.8 
12.6 
11.4 


1.16 
1.16 
1.16 


4.9 
4.6 
4.4 


1.16 
1.17 
1.19 


O 130 


8 


26.5 
25.2 
23.8 
21.5 


7.80 
7.40 
7.00 
6.32 


3.600 
3.650 
3.500 
3.4^5 


0.600 
0.550 
0.500 
0.415 


67.8 
65.7 
63.6 
60.0 


2.95 
2.98 
3.01 
3.08 


17.0 
16.4 
15.9 
15.0 


8.2 
7.8 
7.4 
6.9 


1.03 
1.03 
1.03 
1.00 


3.1 
3.0 
3.0 
2.9 


0.98 
0.98 
0.99 
0.99 


O 120 


7 


23.3 
22.1 
20.9 


6.86 
6.50 
6.15 


3.550 
3.600 
3.460 


0.660 
0.600 
0.450 


47.6 
46.0 
44.6 


2.63 
2.66 
2.69 


13.6 
13.2 
12.7 


7.5 
7.1 
6.7 


1.05 
1.06 
1.06 


3.0 
2.9 
2.8 


1.04 
1.05 
1.06 


O 121 


7 


18.6 
16.6 
15.6 


5.46 
4.86 
4.50 


3.438 
3.350 
3.313 


0.438 
0.350 
0.313 


38.7 
36.2 
35.1 


2.66 
2.73 
2.77 


11.0 
10.3 
10.0 


5.7 
5.1 
4.8 


1.02 
1.03 
1.03 


2.3 
2.2 
2.1 


0.96 
0.99 
1.01 


C. 110 


6 


21.5 
19.0 


6.33 
5.68 


3.685 
3.560 


0.635 
0.410 


33.3 
31.1 


2.29 
2.36 


11.1 
10.4 


7.8 
6.8 


1.11 
1.10 


3.1 
2.9 


1.16 
1.18 


C 109 


6 


15.0 


4.46 


3.600 


0.360 


26.0 


2.37 


8.3 


5.2 


1.08 


2.1 


1.08 


O107 


6 


18.1 
13.0 


5.33 
3.83 


3.063 
2.813 


0.563 
0.313 


25.4 
20.9 


2.18 
2.34 


8.5 
7.0 


3.5 
2.6 


0.82 
0.82 


1.6 
1.3 


0.80 
0.81 


O 108 


6 


12.5 


3.66 


2.663 


0.313 


19.6 


2.31 


6.5 


2.1 


0.75 


l.X 


0.74 


O 200 


4 


13.6 


4.00 


2.600 


0.500 


8.8 


1.49 


4.4 


2.2 


0.75 


1.3 


0.87 


C 190 


3 


7.1 


2.05 


1.984 


0.250 


2.8 


1.17 


1.9 


0.75 


0.60 


0.60 


0.72 
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f^^f 



8 

2—1 



\ 



X 



Xzz^- 



1 



t: 



8 











Weight 


Area 


J 


/Uisl-1 and Axis 2-2 


! 


AxinZ-S 


n ■ * 




Sixe 


Foot 


of 
Section 












Section 
Index 


I 


r 


S 


X 


r min. 




Inches 


Pounds 


In.2 


In.* 


In. 


In.« 


In. 


In. 


A 113 


8 


X 8 


xl>| 


56.9 


16.73 


98.0 


2.42 


■ 

17.6 


2.41 


1.55 


A 112 


8 


X 8 


xlxV 


54.0 


15.87 


93.5 


2.43 


16.7 


2.39 


1.56 


Alll 


8 


X 8 


X 1 


51.0 


15.00 


89.0 


2.44 


15.8 


2.37 


1.66 


Alio 


8 


X 8 


^11 


48.1 


14.12 


84.3 


2.44 


14.9 


2.34 


1.56 


A 100 


8 


X 8 


45.0 


13.23 


79.6 . 


2.45 


14.0 


2.32 


1.66 


A 108 


8 


X 8 


X if 


42.0 


12.34 


74.7 


2.46 


13.1 


2.30 


1.67 


A 107 


8 


X 8 


X H 


38.9 


11.44 


69.7 


2.47 


12.2 


2.28 


1.67 


A 106 


8 


X 8 


X H 


35.8 


10.53 


64.6 


2.48 


11.2 


2.25 


1.68 


A 105 


8 


X 8 


X H 


32.7 


9.61 


59.4 


2.49 


10.3 


2.23 


1.68 


A 104 


8 


X 8 


X A 


29.6 


8.68 


54.1 


2.50 


9.3 


2.21 


1.68 


A 103 


8 


X 8 


X H 


26.4 


7.75 


48.6 


2.51 


8.4 


2.19 


1.68 


A 86 


6 


X 6 


X 1 


37.4 


11.00 


35.5 


1.80 


8.6 


1.86 


1.16 


A 87 


6 


X 6 


X U 


35.3 


10.37 


33.7 


1.80 


8.1 


1.84 


1.16 


A 1 


6 


X 6 


X % 


33.1 


.9.73 


31.9 


1.81 


7.6 


1.82 


1.17 


A 2 


6 


X 6 


^11 
X H 


31.0 


9.09 


30.1 


1.82 


7.2 


1.80 


1.17 


A 3 


6 


X 6 


28.7 


8.44 


28.2 


1.83 


6.7 


1.78 


1.17 


A 4 


6 


X 6 


X H 


26.5 


7.78 


26.2 


1.83 


6.2 


1.75 


1.17 


A 5 


6 


X 6 


X H 


24.2 


7.11 


24.2 


1.84 


57 


1.73 


1.17 


A 6 


6 


X 6 


lit 


21.9 


6.43 


22.1 


1.85 


5.1 


1.71 


1.18 


A 7 


6 


X 6 


19.6 


5.75 


19.9 


1.86 


4.6 


1.68 


1.18 


A 8 


6 


X 6 


lii 


17.2 


5.06 


17.7 


1.87 


4.1 


1.66 


1.19 


A 88 


6 


X 6 


14.9 


4.36 


15.4 


1.88 


3.5 


1.64 


1.19 


A 94 


5 


X 5 


X 1 


30.6 


9.00 


19.6 


1.48 


5.8 


1.61 


0.96 


A 95 


5 


X 5 


l^ 


28.9 


8.50 


18.7 


1.48 


5.5 


1.59 


0.96 


A 9 


5 


X 5 


27.2 


7.98 


17.8 


1.49 


5.2 


1.57 


0.96 


A 10 


5 


X 6 


X % 


25.4 


7.47 


16.8 


1.50 


4.9 


1.55 


0.97 


A 11 


5 


X 5 


23.6 


6.94 


15.7 


1.50 


4.5 


1.52 


0.97 


A 12 


5 


X 5 


X Jl 


21.8 


6.40 


14.7 


1.51 


4.2 


1.50 


0.97 


A 13 


5 


X 5 


20.0 


5.86 


13.6 


1.52 


3.9 


1.48 


0.97 


A 14 


5 


X 5 


X ,P« 


18.1 


5.31 


12.4 


1.53 


3.5 


1.46 


0.98 


A 15 


5 


X 5 


X ^ 


16.2 


4.75 


11.3 


1.54 


3.2 


1.43 


0.98 


CA 16 


5 


X 5 


X Ps 


14.3 


4.18 


10.0 


1.55 


•2.8 


1.41 


0.98 


V 17 


5 


X 5 


12.3 


3.61 


8.7 

« 


1.56 


2.4 


1.39 


0.99 




iS 


4 


X 4 


X n 

X k 


19.9 


5.84 


8.1 


1.18 


3.0 


1.29 


0.77 


C 8 


9 


4 


X 4 


18.5 


5.44 


7.7 


1.19 


2.8 


1.27 


0.77 




• 


4 


X 4 


X H 


17.1 


5.03 


7.2 


1.19 


2.6 


1.25 


0.77 




4 


X 4 


X ^A 


15.7 


4.61 


6.7 


1.20 


2.4 


1.23 


0.77 


C 9 


4 


X 4 


X A 


14.3 


4.18 


6.1 


1.21 


2.2 


1.21 


0.78 






X 4 


X H 


12.8 


3.75 


5.6 


1.22 


2.0 


1.18 


0.78 






X 4 


X /a 


11.3 


3.31 


5.0 


1.23 


1.8 


1.16 


0.78 


C72 


3 


X 4 


X H 


9.8 


2.86 


4.4 


1.23 


1.5 


1.14 


0.79 


' 4 


X A 


8.2 


2.40 


3.7 


1.24 


1.3 


1.12 


0.79 








X H 


6.6 


1.94 


3.0 


1.25 


1.0 


1.09 


0.79 
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0:94 
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31 
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26 




59 
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0.71 
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59 
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36 


5 


10 


72 


67 





2.52 


1 .5 2 


59 


32 
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1.75 
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.69 
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75 
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1 
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ELEMENTS OP SECTIONS 



ELEMENTS OF UNEQUAL ANGLES— Concluded 



!»-X-V 



2- 



■^^T 



T-2 



3 



Section 
Index 



A 252 
A 253 
A 254 
A 255 
A 256 
A 257 

A258 
A 259 
A 260 
A 261 
A 262 

A 264 
A 265 
A 266 
A267 
A268 
A 260 
A523 

A610 
A611 
A612 

A270 
A271 
A272 
A273 

A274 
A275 

A631 
A 614 
A615 
A616 
A 525 

A 646 
A 645 

A618 
A619 
A 620 

A 670 
A 623 
A 624 



Siie 



Inches 



Weight 
per 
Foot 



U». 



3 
3 
3 
3 
3 
3 



x2HxA 
x2Hx>^ 
x2MxA 

x2Hxk 
x2HxA 
x2>4xM 



3 X 
3 X 
3x 
3x 
3 X 

2>4x 
2Hx 
2Hx 
2Hx 
2Hx 
2^x 
2^x 



2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 



xM 
xA 
xH 
xA 
x)i 

xH 
xA 
xH 
x' 

x^ 

X 



2HxlHxA 
2>^xl>^xA 

2>ixlHxH 
2KxlHxiV 
2Mxl)4xM 
2^xlHxA 
2>ixlHx>i 
2Mxl>^x5V 



Area 

of 

Set»- 

tion 



Axis 1-1 



In. 



2 
2 
2 
2 
2 



xlHxH 
xl^xA 

xlHx)i 
xlJ^xA 

xl34xH 



2 xlMxJi 
2 xlMxA 

IMxlMxA 
IJixlMxH 

IHxlMxfW 
l}4xlHxH 
IMxlKxA 



9.5 
8.5 
7.6 
6.6 
5.6 
4.5 

7.7 
6.8 
5.9 
5.0 
4.1 

6.8 

6.1 

5.3 

4.5 

3.62 

2.75 

1.86 

3.92 
3.19 
2.44 

5.6 

5.0 

4.4 

3.66 

2.98 

2.28 

3.99 
3.39 
2.77 
2.12 
1.44 

2.55 
1.96 

2.34 
1.80 
1.23 

2.69 
2.13 
1.64 



2.78 
2.50 
2.21 
1.92 
1.62 
1.31 

2.25 
2.00 
1.73. 
1.47 
1.19 

2.00 

1.78« 

1.55 

1.31 

1.06 

0.81 

0.55 

1.16 
0.94 
0.72 

1.63 
1.45 
1.27 
1.07 
0.88 
0.67 

1.17 
1.00 
0.81 
0.62 
0.42 

0.75 
0.57 

0.69 
0.53 
0.36 

0.76 
0.63 
0.48 



In.* 



2.3 
2.1 
1.9 
1.7 

1.4 
1.2 

1.9 
1.7 
1.6 
1.3 
1.1 

1.1 

1.0 

0.91 

0.79 

0.65 

0.51 

0.35 

0.71 
0.59 
0.46 

0.75 
0.68 
0.61 
0.53 
0.44 
0.34 

0.43 
0.38 
0.32 
0.25 
0.17 

0.30 
0.23 

0.20 
0.16 
0.11 

0.16 
0.13 
0.10 



In. 



0.91 
0.91 
0.92 
0.93 
0.94 
0.95 

0.92 
0.93 
0.94 
0.95 
0.95 

0.75 
0.76 
0.77 
0.78 
0.78 
0.79 
0.80 

0.79 
0.79 
0.80 

0.68 
0.69 
0.69 
0.70 
0.71 
0.72 

0.61 
0.62 
0.62 
0.63 
0.64 

0.63 
0.64 

0.54 
0.55 
0.56 

0.45 
0.46 
0.46 



S 



In.8 



1.2 

1.0 

0.93 

0.81 

0.69 

0.56 

1.0 

0.89 

0.78 

0.66 

0.54 

0.70 
0.62 
0.55 
0.47 
0.38 
0.29 
0.20 

0.44 
0.36 
0.28 

0.54 
0.48 
0.42 
0.36 
0.30 
0.23 

0.34 
0.29 
0.24 
0.18 
0.13 

0.23 
0.18 

0.18 
0.14 
0.09 

0.16 
0.13 
0.10 



In. 



1.02 
1.00 
0.98 
0.96 
0.93 
0.91 

IjOS 
1.06 
1.04 
1.02 
0.99 

0.88 
0.85 
0.83 
0.81 
0.79 
0.76 
0.74 

0.90 
0.88 
0.85 

0.86 
0.83 
0.81 
0.79 
0.77 
0.75 

0.71 
0.69 
0.66 
0.64 
0.62 

0.71 
0.69 

0.60 
0.58 
0.56 

0.52 
0.50 
0.48 



Axis 2-2 



Axis 
3-3 



In.* 



1.4 

1.3 

1.2 

1.0 

0.90 

0.74 

0.67 
0.61 
0.54 
0.47 
0.39 

0.64 
0.58 
0.51 
0.45 
0.37 
0.29 
0.20 

0.19 
0.16 
0.13 

0.26 
0.24 
0.21 
0.19 
0.16 
0.12 

0.21 
0.18 
0.16 
0.12 
0.09 

0.09 
0.07 

0.09 
0.07 
0.05 

0.10 
0.08 
0.07 



In. 



0.72 
0.72 
0.73 
0.74 
0.74 
0.75 

0.55 
0.55 
0.56 
0.57 
0.57 

0.66 
0.57 
0.58 
0.58 
0.59 
0.60 
0.61 

0.41 
0.41 
0.42 

0.40 
0.41 
0.41 
0.42 
0.42 
0.43 

0.42 
0.42 
0.43 
0.44 
0.45 

0.34 
0.35 

0.36 
0.36 
0.37 

0.35 
0.36 
0.37 



S 



In.« 



0.82 
0.74 
0.66 
0.58 
0.49 
0.40 

0.47 
0.42 
0.37 
0.32 
0.25 

0.46 
0.41 
0.36 
0.31 
0.26 
0.20 
0.13 

0.17 
0.14 
0.11 

0.26 
0.23 
0.20 
0.17 
0.14 
0.11 

0.20 
0.17 
0.14 
0.11 
0.08 

0.10 
0.08 

0.10 
0.08 
0.05 

0.11 
0.09 
0.07 



rmln. 



In. 



In. 



0.77 
0.75 
0.73 
0.71 
0.68 
0.66 

0.58 
0.56 
0.64 
0.62 
0.49 

0.63 
0.60 
0.58 
0.66 
0.54 
0.51 
0.49 

0.40 
0.38 
0.35 

0.48 
0.46 
0.44 
0.42 
0.39 
0.37 

0.46 
0.44 
0.41 
0.39 
0.37 

0.33 
0.31 

0.35 
0.33 
0.31 

0.40 
0.38 
0.35 



0.52 
0.52 
0.52 
0.52 
0.53 
0.53 

0.43 
0.43 
0.43 
0.43 
0.43 

0.42 
0.42 
0.42 
0.42 
0.42 
0.43 
0.43 

0.32 
0.32 
0.33 

0.32 
0.32 
0.32 
0.32 
0.32 
0.33 

0.32 
0.32 
0.32 
0.32 
0.33 

0.27 
0.27 

0.27 
0.27 
0.27 

0.26 
0.26 
0.26 
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1- 


X ^ — V 

I 1 


-f ^I 


Section 
Index 


Sise 


Weight 

per 

Foot 


Area 
of 
Sec- 
tion 


Axis 1-1 


Axi82-2 

1 


Flange 


stem 


Min. 
ThickneflB 


I 


r 


S 


X 


I 


r 


S 


Flange 


Stem 


In. 


In, 


In. 


In. 


Lbe. 


In.2 


In.* 


In. 


In.8 


In. 


In.* 


In, 


In.« 


T 1 


4 


4 


H 


M 


13.5 


3.97 


5.7 


1.20 


2.0 


1.18 


2.8 


0.84 


1.4 


T 2 


4 


4 


% 


H 


10.5 


3.09 


4.5 


1.21 


1.6 


1.13 


2.1 


0.83 


1.1 


T 3 


3H 


3M 


H 


H 


11.7 


3.44 


3.7 


1.04 


1.5 


1.06 


1.9 


0.74 


1.1 


T 4 


3H 


3H 


^ 


H 


9.2 


2.68 


3.0 


1.05 


1.2 


1.01 


1.4 


0.73 


0.81 


T 6 


3 


3 


H 


H 


9.9 


2.91 


2.3 


0.88 


1.1 


0.93 


1.2 


0.64 


0.80 


T 7 


3 


3 


A 


A 


8.9 


2.59 


2.1 


0.89 


0.98 


0.91 


1.0 


0.63 


0.70 


T 8 


3 


3 


^ 


H 


7.8 


2.27 


1.8 


0.90 


0.86 


0.88 


0.90 


0.63 


0.60 


T 9 


3 


3 


A 


A 


6.7 


1.95 


1.6 


0.90 


0.74 


0.86 


0.75 


0.62 


0.50 


T 10 


2H 


2H 


H 


5^ 


6.4 


1.87 


1.0 


0.74 


0.59 


0.76 


6.52 


0.53 


0.42 


T 11 


2H 


2H 


A 


A 


6.5 


1.60 


0.88 


0.74 


0.50 


0.74 


0.44 


0.52 


0.35 


T 12 


2M 


2M 


x-V 


A 


4.9 


1.43 


0.65 


0.67 


0.41 


0.68 


0.33 


0.48 


0.29 1 


T13 


2H 


2M 


M 


K 


4.1 


1.19 


0.52 


0.66 


0.32 


0.65 


0.25 


0.46 


0.22 


T 14 


2 


2 


A 


A 


4.3 


1.26 


0.44 


0.59 


0.31 


0.61 


0.23 


0.43 


0.23 


T15 


2 


2 


M 


Ji 


3.56 


1.05 


0.37 


0.59 


0.26 


0.59 


0.18 


0.42 


0.18 


T 16 


IH 


IM 


M 


>i 


3.09 


0.91 


0.23 


0.51 


0.19 


0.54 


0.12 


0.37 


0.14 


T 17 


IH 


IH 


>i 


M 


2.47 


0.73 


0.15 


0.45 


0.14 


0.47 


0.08 


0.32 


0.10 


T18 


IH 


IM 


A 


A 


1.94 


0.57 


0.11 


0.45 


0.11 


0.44 


0.06 


0.32 


0.08 


T 19 


IH 


l)i 


>i 


K 


2.02 


0.59 


0.08 


0.37 


0.10 


0.40 


0.05 


0.28 


0.07 


T20 


m 


IM 


A 


A 


1.59 


0.47 


0.06 


0.37 


0.07 


0.38 


0.03 


0.27 


0.05 


T21 


1 


1 


A 


A 


1.25 


0.37 


0.03 


0.29 


0.05 


0.32 


0.02 


0.22 


0.04 


T22 


1 


1 


yi 


H 


0.89 


0.26 


0.02 


0.30 


0.03 


0.29 


0.01 


0.21 


0.02 1 

1 
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1 

i 








I-- 


i 


1 


-J 
^1 








1 

1 






Sise 


Weight 


Area 


Axis 1-1 


Axis 2-2 


Section 

IdHat 


Flange 


Stem 


Minimtim 
Thickness 


Foot 


of 

Sec- 
tion 


I 


r 


S 


z 


I 


r 


S 










Flange 


Stem 




fM\#&* 
















In. 


Tn. 


In. 


In. 


Lbs. 


In.2 


In* 


In. 


In.8 


In. 


In.* 


In. 
1.17 


In.« 


T 


50 


5 


3 


H 


ii 


13.4 


3.93 


2.4 


0.78 


1.1 


0.73 


5.4 


2.2 


T 


51 


5 


2H 


% 


ft 


10.9 


3.18 


1.5 


0.68 


0.78 


0.63 


4.1 


1.14 


1.6 


T 


52 


4H 


SH 


I'e 


H 


15.7 


4.60 


5.1 


1.05 


2.1 


1.11 


3.7 


0.90 


1.7 


T 


54 


43^ 


3 


H 


H 


9.8 


2.88 


2.1 


0.84 


0.91 


0.74 


3.0 


1.02 


1.3 


T 


53 


^H 


3 


^ 


ft 


8.4 


2.46 


1.8 


0.85 


0.78 


0.71 


2.5 


1.01 


1.1 


T 


56 


4H 


2H 


H 


H 


9.2 


2.68 


1.2 


0.67 


0.63 


0.59 


3.0 


1.06 


1.3 


T 


55 


4^ 


2H 


1% 


A 


7.8 


2.29 


1.0 


0.68 


0.54 


0.57 


2.5 


1.06 


1.1 


T 


57 


4 


5 


H 


H 


15.3 


4.50 


10.8 


1.65 


3.1 


1.56 


2.8 


0.79 


1.4 


T 


58 


4 


5 


H 


5i 


11.9 


3.49 


8.5 


1.56 


2.4 


1.61 


2.1 


0.78 


1.1 


T 


59 


4 


4H 


H 


H 


14.4 


4.23 


7.9 


1.37 


2.5 


1.37 


2.8 


0.81 


1.4 


T 


60 


4 


4J^ 


H 


H 


11.2 


3.29 


6.3 


1.39 


2.0 


1.31 


2.1 


0.80 


1.1 


T 


61 


4 


3 


% 


H 


9.2 


2.68 


2.0 


0.86 


0.90 


0.78 


2.1 


0.89 


1.1 


T 


44 


4 


3 


A 


ft 


7.8 


2.29 


1.7 


0.87 


0.77 


0.75 


1.8 


0.88 


0.88 


T 


62 


4 


2H 


^ 


^ 


8.6 


2.48 


1.2 


0.69 


0.62 


0.62 


2.1 


0.92 


1.0 


T 


63 


4 


2H 


A 


ft 


7.2 


2.12 


1.0 


0.69 


0.53 


0.60 


1.8 


0.91 


0.88 


T 


64 


4 


2 


M 


H 


7.8 


2.27 


0.60 


0.52 


0.40 


0.48 


2.1 


0.96 


1.1 


T 


65 


4 


2 


ft 


ft 


6.7 


1.95 


0.53 


0.52 


0.34 


0.46 


1.8 


0.96 


0.88 


T 


66 


SH 


4 


J4 


M 


12.6 


3.70 


5.5 


1.21 


2.0 


1.24 


1.9 


0.72 


1.1 


T 


67 


3H 


4 


^ 


H 


9.8 


2.88 


4.3 


1.23 


1.5 


1.19 


1.4 


0.70 


0.81 


T 


69 


3H 


3 


^ 


H 


10.8 


3.17 


2.4 


0.87 


1.1 


0.88 


1.9 


0.77 


1.1 


T 


70 


s^ 


3 


H 


H 


8.5 


2.48 


1.9 


0.88 


0.89 


0.83 


1.4 


0.76 


0.81 


T 


71 


3H 


3 


A 


5^ 


7.5 


2.20 


1.8 


0.91 


0.85 


0.85 


1.2 


0.74 


0.68 


T 


72 


3 


4 


H 


H 


11.7 


3.44 


5.2 


1.23 


1.9 


1.32 


1.2 


0.59 


0.81 


T 


73 


3 


4 


ft 


ft 


10.5 


3.06 


4.7 


1.23 


1.7 


1.29 


1.1 


0.59 


0.70 


T 


74 


3 


4 


^^ 


Vs 


9.2 


2.68 


4.1 


1.24 


1.5 


1.27 


0.90 


0.58 


0.60 


T 


75 


3 


3H 


H 


H 


10.8 


3.17 


3.5 


1.06 


1.5 


1.12 


1.2 


0.62 


0.80 


T 


76 


3 


3H 


ft 


ft 


9.7 


2.83 


3.2 


1.06 


1.3 


1.10 


1.0 


0.60 


0.69 


T 


77 


3 


3H 


!^ 


H 


8.5 


2.48 


2.8 


1.07 


1.2 


1.07 


0.93 


0.61 


0.62 


T 


78 


3 


2M 


5^ 


H 


7.1 


2.07 


1.1 


0.72 


0.60 


0.71 


0.89 


0.66 


0.59 


T 


79 


3 


2H 


ft 


ft 


6.1 


1.77 


0.94 


0.73 


0.52 


0.68 


0.75 


0.65 


0.50 


T 


31 


3 


2>^ 


K 


H 


5.0 


1.47 


0.78 


0.73 


0.43 


0.66 


0.61 


0.64 


0.40 


T 


82 


2H 


3 


Vs 


H 


7.1 


2.07 


1.7 


0.91 


0.84 


0.95 


0.53 


0.51 


0.42 


T 


83 


2H 


3 


ft 


ft 


6.1 


1.77 


1.5 


0.92 


0.72 


0.92 


0.44 


0.50 


0.35 


T 


86 


214 


IH 


ft 


ft 


2.87 


0.84 


0.08 


0.31 


0.09 


0.32 


0.29 


0.58 


0.23 


T 


87 


2 


IH 


M 


Va. 


3.09 


0.91 


0.16 


0.42 


0.15 


0.42 


0.18 


0.45 


0.18 


T519 


IH 


2 


ft 


ft 


2.45 


0.72 


0.27 


0.61 


0.19 


0.63 


0.06 


0.92 


0.08 


T605 


IH 


IM 


H 


H 


1.25 


0.37 


0.05 


0.37 


0.05 


0.33 


0.04 


0.32 


0.05 


T603 


IM 


H 


No.9 


H 


0.88 


0.261 0.01 


0.1610.01 


0.16 


0.02 


0.31 


0.04 
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_JJ 




A 2 


Section 
Index 


Sin 


Weight 

per 

Foot 


Area 

Sec- 
tion 


Axis 1-1 


Axis 2-2 


Azu 
3-3 


Depth 


Flanges 


Thick- 
ness 


I 


r 


S 


I 


r 


S 


rmin. 
In. 


In. 


In. 


In. 


Lbs. 


In,a 


In.4 


In. 


In.8 


In.4 


In. 


In.« 


Z 3 


6H 
6 


3M 
3i«a 

3H 




34.6 
32.0 
29.4 


10.17 
9.40 
8.63 


50.2 
46.1 
42.1 


2.22 
2.22 
2.21 


16.4 
15.2 
14.0 


19.2 
17.3 
15.4 


1.37 
1.36 
1.34 


6.0 
5.5 
4.9 


0.83 
0.82 
0.81 


Z 2 




2¥ 
3M 


A 


28.1 
25.4 
22.8 


8.25 
7.46 
6.68 


43.2 
38.9 
34.6 


2.29 
2.28 
2.28 


14.1 
12.8 
11.5 


16.3 
14.4 
12.6 


1.41 
1.39 
1.37 


6.0 
4.4 
3.9 


0.84 
0.82 
0.81 


Z l" 


6H 
6 


3H 

3A 
3>^ 


1 


2i:i 

18.4 
15.7 


6719 
5.39 
4.59 


34.4 
29.8 
25.3 


2.36 
2.35 
2.35 


11.2 
9.8 
8.4 


12.9 

11.0 

9.1 


1.44 
1.43 
1.41 


3.8 
3.3 
2.8 


0.84 
0.83 
0.83 


Z 6 


5H 
5A 
5 


3^ 


H 


28.4 
26.0 
23.7 


8:33 

7.64 
6.96 


28.7 
26.2 
23.7 


1.86 
1.85 
1.84 


11.2 

10.3 

9.5 


14.4 
12.8 
11.4 


1.31 
1.30 
1.28 


4.8 
4.4 
3.9 


0.76 
0.74 
0.73 


Z 5 


5H 


3K 
3A 
3M 


5^ 


22.6 
20.2 
17.9 


6.64 
5.94 
5.25 


24.5 
21.8 
19.2 


1.92 
1.91 
1.91 


9.6 

8.6 
7.7 


12.1 

10.5 

9.1 


1.35 
1.33 
1.31 


3.9 
3.5 
3.0 


0.76 
0.75 
0.74 


Z 4 


5H 


3^ 
3Vk 
3M 


i 


16.4 
14.0 
11.6 


4.81 
4.10 
3.40 


19.1 
16.2 
13.4 


1.99 
1.99 
1.98 


7.4 
6.4 
5.3 


9.2 

7.7 
6.2 


1.38 
1.37 
1.35 


2.9 
2.5 
2.0 


0.77 
0.76 
0.75 


Z 9 


4H 


3^ 

3H 

3,?B 


% 


23.0 
20.9 
18.9 


6.75 
6.14 
5.55 


15.0 
13.5 
12.1 


1.49 

1.48 
1.48 


7.3 
6.7 
6.1 


11.2 

10.0 

8.7 


1.29 
1.27 
1.25 


4.0 
3.6 
3.2 


0.68 
0.67 
0.66 


Z 8 


4H 
1^ 


3f%[ 
3H 
3^ 


1 


18.0 
15.9 
13.8 


5.27 
4.66 
4.05 


12.7 

11.2 

9.7 


1.55 
1.55 
1.55 


6.2 
5.5 
4.8 


9.3 
8.0 
6.7 


1.33 
1.31 
1.29 


3.2 

2.8 
2.4 


0.68 
0.67 
0.66 


Z 7 


4H 


3tW 

3j| 
3A 


H 


12.5 

10.3 

8.2 


3.66 
3.03 
2.41 


9.6 
7.9 
6.3 


1.62 
1.62 
1.62 


4.7 
3.9 
3.1 


6.8 
5.5 
4.2 


1.36 
1.34 
1.33 


2.3 
1.8 
1.4 


0.69 
0.68 
0.67 


Z12 


i* 


2K 
2H 


A 


14.3 
12.6 


4.18 
3.69 


5.3 
4.6 


1.12 
1.12 


3.4 
3.1 


5.7 
4.9 


1.17 
1.15 


2.3 
2.0 


0.54 
0.53 


Zll 


I'' 


2!^ 

2ti 


§ 


11.5 
9.8 


3.36 
2.86 


4.6 
3.9 


1.17 
1.16 


3.0 
2.6 


4.8 
3.9 


1.19 
1.17 


1.9 
1.6 


0.55 
0.54 


ZIO 


i'^ 


2»X 
2a 


Jl 


8.5 
6.7 


2.48 
1.97 


3.6 
2.9 


1.21 
1.21 


2.4 
1.9 


3.6 
2.8 


1.21 
1.19 


1.4 
1.1 


0.56 
0.55 



154 



ELEMENTS OP SECTIONS 



ELEMENTS OF H BEAMS 






of 
Beam 


Weight 
Foot 


Area 

of 
Section 


Width 
of 

Flange 


Thick- 
ness 
of Web 


Axis 1-1 


Axis 2-2 


Section 
Index 


I 


r 


S 


I 


r 


S 




In. 


Lbe. 


In.2 


In. 


In, 


In.* 


In. 


In.8 


In.* 


In. 


In.8 


H4 
H3 
H2 
HI 


8 
6 
5 

4 


34.0 
23.8 
18.7 
13.6 


10.00 
7.00 
6.50 
4.00 


8.0 
6.0 
5.0 
4.0 


.375 
.313 
.313 
.313 


115.4 
45.1 
23.8 
10.7 


3.40 
2.54 
2.08 
1.63 


28.9 

15.0 

9.5 

5.3 


35.1 

14.7 

7.9 

3.6 


1.87 
1.45 
1.20 
0.95 


8.8 
4.9 
3.1 
1.8 



ELEMENTS OF CROSS TIES 

i2 




X 

J 





Depth 

Sec- 
tion 


Wt. 
Foot 


Area 
of 

Sec- 
tion 


Width of 


Thick- 
ness 
of 
Web 


Axis 1-1 


Axis 2-2 


Section 


Flange 


I 


r 


8 


X 


I 


r 




Index 


Top 


Bottom 


S 




In. 


Lbe. 


In.a 


In. 


In. 


In. 


In.* 


In. 


In.8 


In. 


In.* 


In. 


In.8 


M21 
M25 
M24 


5.50 
4.25 
3.00 


20.0 

14.5 

9.5 


5.71 
4.10 
2.80 


4.5 

4.0 
3.0 


8.0 
6.0 
5.0 


.250 
.250 
.203 


30.9 

13.0 

4.3 


2.33 

1.78 
1.24 


9.7 
5.5 
2.5 


2.33 
1.88 
1.27 


14.9 
6.1 
3.1 


1.62 
1.22 
1.05 


3.7 
2.0 
1.2 



1- 



f 



-r- 



¥ 



!2 





Depth 
of 

Sec- 
tion 


Wt. 
Foot 


Area 
of 

Sec- 
tion 


Width of 


Thick- 
ness 


Axis 1-1 


Axis 2-2 


Section 


Section 


I 


r 


S 


X 


I 


r 




Index 


Top 


Bottom 


S 




In. 


Lbs. 


In.a 


In. 


In. 


In. 


In.* 


In. 


In.8 


In. 


Id.* 


In. 


In.8 


M27 
M20 


2.25 
2.00 


9.0 
6.0 


2.62 
1.72 


5.5 
4.5 


7.0 
6.0 


.250 
.313 


1.3 
0.71 


0.70 
0.64 


0.79 
0.50 


0.63 
0.59 


16.8 
8.4 


2.53 
2.22 


4.8 
2.8 
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CARNEQIE STEEL COMPANY 



ELEMENTS OF BULB BEAMS 




Section 
Index 


Depth 

of 
Beam 


Wt. 

per 

Foot 


Area 
of 

Sec- 
tion 


Width 

of 
Flange 


Thick- 

neas 

of 

Web 


Axis 1-1 


Axis 2-2 


I 


r 


S 


X 


I 


r 


S 


y 




In. 


Lbs. 


In.2 


In. 


In. 


In.* 


In. 


In.8 


In. 


In.4 


In. 


In.8 


In. 


B 100 
B 101 
B 102 
B103 
B 105 


10 
10 

9 
9 

8 
8 

7 
7 

6 
6 


36.6 
28.1 

30.1 
24.3 

24.2 
20.0 

23.3 
18.1 

17.2 
14.0 


10.62 
8.12 

8.83 
7.15 

7.11 
6.86 

6.85 
6.32 

6.00 
4.11 


5.500 
5.250 

5.125 
4.938 

5.156 
5.000 

5.094 
4.875 

4.524 
4.375 


0.625 
0.375 

0.663 
0.375 

0.469 
0.313 

0.531 
0.313 

0.430 
0.281 


140.4 
118.6 

95.8 
84.0 

62.8 
55.6 

45.5 
38.8 

24.4 
21.6 


3.64 
3.82 

3.29 
3.43 

2.97 
3.08 

2.57 
2.70 

2.20 
2.28 


25.3 
20.7 

19.4 
16.6 

14.1 
12.2 

11.7 
9.7 

7.2 
6.1 


4.45 
4.28 

4.06 
3.95 

3.54 
3.43 

3.11 
2.98 

2.61 
2.46 


7.6 
6.3 

5.4 
4.6 

4.6 

3.9 

4.3 
3.6 

2.7 
2.2 


0.84 
0.S8 

0.78 
0.80 

0.79 
0.82 

0.79 
0.82 

0.73 
0.72 


2.8 
2.4 

2.1 
1.9 

1.7 
1.6 

1.7 
1.6 

1.2 
1.0 


2.75 
2.63 

2.66 
2.47 

2.58 
2.50 

2.55 
2.44 

2.26 
2.19 



ELEMENTS OF BULB ANGLES 

12 



^ 



1— 



:i:^ 



y*2 





Depth 


Wt. 


Area 
of 


Width 


Thick- 


Axis 1-1 




Axis 2-2 




Section 
Index 


of 
Angle 


per 
Foot 


Sec- 
tion 


of 

Flange 


of 
Web 










I 


r 


S 


X 


I 


r 


S 


y 




In. 


Lbe. 


In.2 


In. 


In. 


In.* 


In. 


In.8 


In. 


In.* 


In. 


In.8 


In. 


Bl30a 


10 


32.0 


9.41 


3.500 


0.625 


116.0 


3.51 


21.6 


4.62 


6.2 


0.82 


2.3 


0.77 


B130 


10 


26.6 


7.80 


3.500 


0.484 


104.2 


3.66 


19.9 


4.75 


6.0 


0.80 


1.8 


0.72 


B131 


9 


21.8 


6.41 


3.500 


0.438 


69.3 


3.33 


14.5 


4.21 


4.3 


0.82 


1.6 


0.72 


B132 


8 


19.3 


6.66 


3.500 


0.406 


48.8 


2.95 


11.7 


3.83 


3.7 


0.81 


1.3 


0.71 


B141 


7 


20.0 


6.81 


3.000 


0.500 


36.6 


2.61 


10.0 


3.34 


2.9 


0.71 


1.3 


0.70 


B133 


7 


18.3 


5.37 


3.000 


0.438 


34.9 


2.66 


9.6 


3.36 


2.6 


0.69 


1.1 


0.68 


B140 


7 


16.1 


4.71 


3.000 


0.344 


32.2 


2.61 


8.7 


3.30 


2.7 


0.76 


1.2 


0.72 


B134 


6 


17.3 


5.06 


3.000 


0.500 


23.9 


2.16 


7.6 


2.84 


2.6 


0.70 


1.1 


0.71 


B142 


6 


15.0 


4.38 


3.000 


0.406 


21.1 


2.19 


6.7 


2.84 


2.3 


0.72 


1.0 


0.69 


B135 


6 


13.8 


4.04 


3.000 


0.375 


20.1 


2.21 


6.6 


2.96 


1.9 


0.69 


0.82 


0.65 


B136 


6 


12.4 


3.62 


3.000 


0.313 


18.6 


2.28 


6.7 


2.71 


1.8 


0.70 


0.75 


0.64 


B137 


5 


10.0 


2.94 


2.500 


0.313 


10.2 


1.86 


4.1 


2.49 


0.96 


0.67 


0.49 


0.67 


B122 


4 


14.3 


4.21 


3.500 


0.500 


8.7 


1.44 


3.7 


1.65 


3.9 


0.96 


1.5 


0.99 


B123 


4 


11.9 


3.48 


3.500 


0.375 


7.9 


1.50 


3.5 


1.77 


3.1 


0.94 


1.2 


0.94 
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ELEMENTS OF SECTIONS 



ELEMENTS OF TROUGH PLATES 






Dimensionfl 


Weight 
per 
Foot 


Area 

of 

Section 


Axis 1-1 


Section 
Index 


a 


b 


d 


t 


ti 


I 


r 


S 


z 




In. 


In. 


In. 


In. 


In. 


Lbs. 


In.2 


In.* 


In. 


In.» 


In. 


M 14 
M 13 
M 12 
M 11 
M 10 


9H 
9H 
9H 


6 
6 
6 
6 
6 


35^ 


Iff 


H 

hi 


23.2 
21.4 
19.7 
18.0 
16.3 


6.82 
6.30 
6.79 
6.28 
4.78 


6.5 
6.0 
4.6 
4.1 
3.7 


0.90 
0.90 
0.90 
0.91 
0.91 


2.2 
2.0 
1.8 
1.6 
1.4 


1.21 
1.19 
1.16 
1.12 
1.08 



ELEMENTS OF CORRUGATED PLATES 






Dimensions 


Weight 
per 
foot 


Area 

of 

Section 


Axis 1-1 


Section 
Index 


a 


b 


d 


t 


r 


I 


r 


S 


X 




In. 


In. 


In. 


In. 


In. 


Lbs. 


In.2 


In.4 


In. 


In.8 


In. 


M 36 
M 34 
M 38 

M 32 
M 31 
M 30 


12A 
12A 
12f|i 

851 


6H 

6H 
5H 


ill 




3>g 

3^ 

3H 
3^ 


23.7 
20.8 
17.8 

12.0 

10.1 

8.1 


6.97 
6.10 
6.22 

3 63 
2.96 
2.38 


6.8 
6.8 
4.8 

1.3 

0.95 

0.64 


0.99 
0.98 
0.96 

0.62 
0.67 
0.52 


4.6 
3.9 
3.3 

1.4 
1.1 
0.80 


1.34 
1.32 
1.31 

0.74 
0.72 
0.70 



ELEMENTS OF U. S. STEEL SHEET PILING SECTIONS 



1— t 




M 103 



i-cu' 






Dimensions 


Weight 
per 
Foot 


Area 

of 

Section 


Axis 1-1 


Section 
Index 


a 


b 


c 


d 


t 


I 


r 


S 




In. 


In. 


In. 


In. 


In. 


Lbs. 


In.2 


In.* 


In. 


In.» 


M 104 
M 103 


IShl 


12>^ 
9 


3Ji 
2i", 


2M 


y4, 


38 
16 


11.24 
4.71 


8.3 
1.6 


0.87 
0.66 


4.3 
1.1 
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CARNBQIB STEEL COMPANY 



ELEMENTS OF A. S. C. E. AND LIGHT RAILS 










Weight 
per Yard 


Area 

of 

Section 


] 


[)iinensionfl 


Axis 1-1 


Section 
Index 


a 


b 


c 


d 


e 


f 


g 


h 


I 


r 


S. 


X 




Pounds 


In.a 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In.* 


In. 


In.« 


Ins. 


♦llOA 


110 


10.80 


6H 


6H 


2% 


Iff 


3ii 


1 


li 


2|i 


55.2 


2.26 


17.2 


2.92 


lOOA 


100 


9.84 


5H 


5H 


2H 


115 


^^t 


H 


A 


2A\i 


44.0 


2.11 


14.6 


2.73 


95A 


96 


9.28 


5i^ 


6A 


2H 


Hi 


2 II 


il 


A 


2^g 


38.8 


2.05 


13.3 


2.66 


90A 


90 


8.83 


5H 


5% 


2H 


m 


2 IS 


IS 


A 


2TVk 


34.4 


1.97 


12.2 


2.66 


86A 


85 


8.33 


5A 


5A 


2^ 


Hi 


2M 


H 


A 


241 


30.1 


1.90 


11.1 


2.47 


80A 


80 


7.86 


5 


5 


2H 


iH 


2% 


H 


IS 


2A 


26.4 


1.83 


10.1 


2.38 


75A 


75 


7.33 


4H 


4H 


2i5 


HI 


2«| 


U 


4} 


2,«A 


22.9 


1.77 


9.1 


2.30 


70A 


70 


6.81 


4H 


4^ 


2i'h 


Hh 


24! 


it 


H 


2A 


19.7 


1.70 


8.2 


2.22 


66A 


65 


6.33 


4/, 


4A 


2 if 


1^ 


2^ 


ft 


H 


114 


16.9 


1.63 


7.4 


2.14 


60A 


60 


5.93 


4M 


4M 


2H 


lA 


2H 


H 


» 


1441 


14.6 


1.57 


6.6 


2.06 


65A 


55 


5.38 


4A 


4A 


2M 


14i 


2H 


H 


49 


1491 


12.0 


1.60 


5.7 


1.97 


50A 


50 


4.87 


SH 


SH 


2H 


IH 


2i\, 


H 


A 


1§9 


9.9 


1.43 


5.0 


1.88 


45A 


45 


4.40 


3H 


3H 


2 


lA 


Hh 


14 


§i 


114 


8.1 


1.36 


4.3 


1.78 


40A 


40 


3.94 


3M 


3H 


IJ^ 


la^ 


i|i 


H 


II 


lA^ 


6.6 


1.29 


3.6 


1.68 


36A 


35 


3.44 


3 A 


3A 


1^ 


H 


l§8 


li 


II 


14! 


5.2 


1.23 


3.0 


1.60 


30A 


30 


3.00 


3H 


3H 


IH 


% 


Iff 


4i 


14 


HI 


4.1 


1.16 


2.6 


1.52 


25A 


25 


2.39 


2H 


2h 


IH 


§9 


Hi 


H 


41 


li% 


2.5 


1.02 


1.8 


1.33 


20A 


20 


2.00 


2% 


2% 


Ui 


33 


14! 


A 


H 


141 


1.9 


0.99 


1.4 


1.27 


16A 


16 


1.55 


2% 


2H 


Ui 


li 


IH 


5^ 


4^7 


lih 


1.2 


0.89 


1.0 


115 


14A 


14 


1.34 


2h 


2A 


lA 


H 


lA 


44 


M 


li 


0.76 


0.76 


0.73 


1.02 


12A 


12 


1.18 


2 


2 


1 


A 


li^ 


44 


A 


H 


0.66 


0.76 


0.63 


0.96 


lOA 


10 


0.96 


IH 


m 


i8 


H 


n 


41 


A 


n 


0.40 


0.66 


0.46 


0.87 


8A 


8 


0.77 


lA 


lA 


H 


H 


U 


^ 


^ 


« 


0.26 


0.58 


0.32 


0.75 



'^Not rolled by Carnegie Steel Company. 



158 



ELEMENTS OF SECTIONS 



ELEMENTS OF A. R. A. RAILS 



fr e— 




^ b -»» 

SERIES A. 





Weight 
per Yard 


Area 

of 

Section 


Dimensions 


Axis 1-1 


Section 
Index 


a 

In. 

6 

5H 

4H 


b 
In. 

4M 
4 


c 
In. 

2^ 

2H 

2% 
2% 


d 
In. 

m 


e 
In. 


f 


g 


h 
In. 


I 


r 


S 


X 




Pounds 


In8.2 


In. 


In. 


In.4 


In. 


In.» 


In. 


lOORA 

90RA 

80RA 

*70RA 

*60RA 


100 
90 
80 
70 
60 


9.84 
8.82 
7.86 
6.82 
5.86 


3H 
3A 

2M 

2H 
2fS 


1 
i8 


if 


2\% 

2§! 
2A 

241 
24^ 


48.9 
38.7 
28.8 
21.1 
15.4 


2.23 
2.09 
1.91 
1.76 
1.62 


15.1 

12.5 

10.2 

8.3 

6.5 


2.75 
2.54 
2.31 
2.20 
2.13 



*Not rolled by Carnegie Steel Company. 



— c ^ 




-b 

SERIES B. 





Weight 
per Yard 


Area 

of 

Section 


Dimensions 






Axis 1-1 


Section 
Index 


a 

In. 

5|i 


b 
In. 

5^ 


c 

In. 

254 


d 
In. 

Iff 


e 
In. 


f 

In. 


g 


h 


I 


r 


S 


X 


1 


Pounds 


In.2 


In. 


In. 
2^A 


In.* 


In. 


In.8 


In. 


lOORB 


100 


9.85 


2M 


U\ 


^ 


41.3 


2.05 


13.7 


2.63 


90RB 


90 


8.87 


541 


4^S 


2 i®g 


HI 


2^ 


l^\ 


9 


244 


32.3 


1.91 


11.6 


2.45 


SORB 


80 


7.91 


41§ 


4A 


2x\ 


14§ 


24t 


1 


H 


241 


25.1 


1.78 


9.4 


2.27 


*70RB 


70 


6.89 


4g| 


4«\ 


2% 


ni 


24J 


II 


H 


2rlB 


18.6 


1.64 


7.8 


2.16 


*60RB 


60 


6.87 


4^ 


3H 


2H 


IH 


2,^, 


K 


U 


IM 


13.3 


1.51 


6.0 


1.95 



'^Not rolled by Carnegie Steel Company. 
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CARNEGIE STEEL COMPANY 



MOMENTS OF INERTIA OF RECTANGLES 
In Widths from ^ to % Inch and 1 Inch 

Neutral Axis Through Center Normal to Depth 

This and the following table may be used in computing tlie 
Moments of Inertia of Plate Girders, Columns and other com- 
poimd sections in which plates are used ; see pages 140 and 141 . 






1 

2 
3 
4 

5 
6 

7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 

26 
27 
28 
29 

30 
32 
34 
36 
38 

40 
42 
44 
46 

48 

50 
52 
54 
56 
58 
60 



Width, Inches 



H 



.021 

.167 

.563 

1.333 

2.604 

4.500 

7.146 

10.667 

15.188 

20.833 
27.729 
36.000 
45.771 
57.167 

70.313 

85.333 

102.354 

121.500 

142.896 

166.667 
192.938 
221.833 
253.479 
288.000 

325.521 
366.167 
410.063 
457.333 
508.104 

662.500 
682.667 
818.833 
972.000 
1143.167 



A 



1333.333 
1543.500 
1774.667 
2027.833 
2304. 



2604.167 

2929.333 

3280 

3658.667 

4064.833 

4500.000 



.026 

.208 

.703 

1.667 

3.255 

5.625 

8.932 

13.333 

18.984 

26.042 
34.662 
45.000 
57.214 
71.458 

87.891 
106.667 
127.943 
151.875 
178.620 

208.333 
241.172 
277.292 
316.849 
360.000 

406.901 
457.708 
512.578 
571.667 
635.130 

703.125 

853.333 

1023.542 

1215.000 

1428.958 



Vs 



1666.667 
1929.375 
2218.333 
2534.792 
0002880.000 



3255.208 

3661.667 

5004100.625 



.031 

.250 

.844 

2.000 

3.906 

6.750 

10.719 

16.000 

22.781 

31.250 
41.594 
54.000 
68.656 
85.750 

105.469 
128.000 
153.531 
182.250 
214.344 

250.000 
289.406 
332.750 
380.219 
432.000 

488.281 
649.250 
615.094 
686.000 
762.156 



I's 



H 



.037 

.292 

.984 

2.333 

4.557 

7.875 

12.505 

18.667 

26.578 

36.458 
48.5261 
63.000 
80.099 
100.042 

123.047 
149.333 
179.120 
212.625 
250.068 

291.667 
337.641 
388.208 
443.589 
604.000 



843.750 
1024.000 
1228.250 
1458.000 
1714.7502000.54212286 



2000.0002333 

2315. 

2662.000 

3041 

3456.0004032 



569.662 
640.792 
717.609 
800.333 
889.1821016 



984.375 
1194.667 
1432.958 
1701.0001944 



3332666.667 

250 2701 .125 3087.000 

3105.6673549.333 

7503548.7084055.667 

0004608.000 



3906.250 4557.292 5208.333 
4394.0005126.3335858.667 
4920.750 5740.875 6561 .000 
4573.333|5488.000 6402.6677317.333 
5081.042 6097.2507113.4588129.667 
5625.000l6750.000i7875.0009000.000 



.042 

.333 

1.125 

2.667 

6.208 

9.000 

14.292 

21.333 

30.375 

41.667 
55.458 
72.000 
91.542 
114.333 

140.625 
170.667 
204.708 
243.000 
285.792 

333.333 
385.875 
443.667 
506.958 
576.000 



A 



651.042 
732.333 
820.125 
914.667 
.208 



1125.000 

1365.333 

1637.667 

.000 

.333 



H 



.047 

.375 

1.266 

3.000 

5.859 
10.125 
16.078 
24.000 
34.172 

46.875 

62.391 

81.000 

102.984 

128.625 

158.203 
192.000 
230.297 
273.375 
321.516 

375.000 
434.109 
499.125 
570.328 
648.000 

732.422 

823.875 

922.641 

1029.000 

1143.234 

1265.625 
1536.000 
1842.375 
2187.000 
2572.125 

3000.000 
3472.875 
3993.000 
4562.625 
5184.000 



6859 
6591 
7381 
8232 
9145 
10125 



375 
000 
,125 
.000 

.875 
.000 



.052 

.417 

1.406 

3.333 

6.510 
11.250 
17.865 
26.667 
37.969 

62.083 

69.323 

90.000 

114.427 

142.917 

175.781 
213.333 
255.885 
303.750 
357.240 

416.667 
482.344 
554.583 
633.698 
720.000 

813.802 

915.417 

1025.156 

1143.333 

1270.260 

1406.250 
1706.667 
2047.083 
2430.000 
2857.917 

3333.333 
3858.750 
4436.667 
5069.583 
5760.000 



6510.41710416 

7323.333|ll717 

8201. 

9146.667 
10162.083 
11250.00018000 



.083 

.667 

2.250 

5.333 

10.417 
18.000 
28.583 
42.667 
60.750 

83.333 
110.917 
144.000 
183.083 
228.667 

281.250 
341.333 
409.417 
486.000 
671.683 

666.667 

771.750 

887.333 

1013.917 

1162.000 

1302.083 
1464.667 
1640.250 
1829.333 
2032.417 

2260.000 
2730.667 
3275.333 
3888.000 
4572.667 

6333.333 
6174.000 
7098.667 
8111.333 
9216.000 



.667 I 

333 

000 1 

14634.667 , 

16259.333 ! 

000 , 



25013122 
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ELEMENTS OF SECTIONS 



MOMENTS OF INERTIA OF RECTANGLES 
In Widths of 1 Inch 



Neutral Axis Through Center Normal to Depth 

To obtain the Moment of Inertia of any rectangle, multiply 
the tabular value for its depth by its width in inches. For deeper 
rectangles of tabular thickness, multiply the tabular values for 
half their depth by 8; or for one-third their depth by 27, etc. 



Depth, 
Inches 


Il-l 

Inches* 


Depth, 
Inches 


Il-l 
Inches* 


Depth, 
Incnes 


Il-l 
Inches* 


Depth, 
Inches 


Il-l 
Inches* 


Depth, 
Inches 


111 
Inches* 


Depth, 
Inches 


Il-l 
Inches* 





.000 


6 


18.000 


12 


144.000 


18 


486.000 


24 


1152.000 


30 


2250.000 


Vs 


.000 
.001 
.004 
.010 
.020 
.035 
.056 


A 


19.149 
20.345 
21.590 

22.885 

25.629 
27.079 




148.547 
153.189 
157.926 
162.760 
167.692 
172.723 
177.853 


% 
H 
Ys 


496.195 
506.533 
517.012 
527.635 
538.403 
549.317 
560.376 


Vs 


1170.094 
1188.376 
1206.848 
1225.510 
1244.364 
1263.410 
1282.650 


Ys 
Ya. 
Ys 

1 
31 


2278.243 
2306.721 
2335.434 
2364.385 
2393.575 
2423.004 
2452.674 


1 


.083 


7 


28.583 


13 


183.083 


19 


571.583 


25 


1302.083 


2482.583 




.119 
.163 
.217 
.281 
.358 
.447 
.549 


30.142 
31.757 
33.428 
35.156 
36.944 
38.790 
40.698 


i 


188.416 
193.850 
199.389 
205.031 
210.779 
216.634 
222.596 


1 


582.939 
594.444 
606.099 
617.906 
629.866 
641.978 
654.245 


Ys 

8 


1321.713 
1341.538 
1361.561 
1381.781 
1402.202 
1422.821 
1443.644 


Ys 


2512.737 
2543.132 
2573.771 
2604.656 
2635.787 
2667.165 
2698.792 


2 


.667 


8 


42.667 


14 

P 


228.667 


20 


666.667 


26 


1464.667 


32 


2730.667 


% 


.800 
.949 
1.116 
1.302 
1.507 
1.733 
1.980 




44.698 
46.793 
48.952 
51.177 
53.468 
55.827 
58.254 


234.847 
241.137 
247.538 
254.052 
260.679 
267.421 
274.277 


Ys 
H 
% 

% 
% 


679.245 
691.840 
704.874 
717.927 
731.141 
744.514 
758.051 


Vs 
Ys 


1485.893 
1507.324 
1528.961 
1550.802 
1572.851 
1595.108 
1617.575 


P 


2762.792 
2795.168 
2827.797 
2860.677 
2893.812 
2927.202 
2960.849 


\\ 


2.250 


9 


60.750 


15 

Y% 
Ya, 
% 

H 


281.250 

288.340 
295.548 
302.875 
310.323 
317.891 
325.582 
333.396 


21 


771.750 


27 


1640.250 


33 


2994.750 


y% 
% 
y% 


2.543 
2.861 
3.204 
3.573 
3.970 
4.395 
4.849 


Vs 
1 


63.317] 

65.954 

68.665 

71.448 
74.305 
77.238 
80.247 


H 

^ 

H 

^ 

K 


785.613 
799.652 
813.836 
828.198 
842.727 
857.426 
872.294 


1^1663.136 
M 1686.236 
5^1709.547 
H 1733.073 
H'1756.814 
M 1780.770 
K1804.943| 

28 1829.333 


H 3028.911 
K 3063.329 
5^3098.009 
K3132.948 
5^3168.150 
5i 3203.614 
Ki3239.341 


4 


5.333 


10 


83.333 


16 


341.333 


22 


887.333 


34 

Ys 

Ys 

Ys 
Ya, 
Ys 


3275.333 


% 


5.849 
6.397 
6.978 
7.594 
8.244 
8.931 
9.655 


H 
H 

% 

y% 
11 


86.498 
89.741 
93.064 
96.469 
99.955 
103.525 
107.178 


1 

Vs 
17 

Ys 


349.396 
357.585 
365.900 
374.344 
382.916 
391.618 
400.452 

409.417 

418.515 
427.746 
437.113 
446.615 
456.253 
466.030 
475.945 


Ys 
% 

Y2 

Ys 
H 
% 


902.545 
917.928 
933.486 
949.219 
965.127 
981.212 
997.475 


H1853.943 
J^ 1878.773 
^1903.823 
1^1929.094 
^11954.588 
V1980.305 
J^ 2006.249 

29 i203'2.417 


3311.592 
3348.117 
3384.909 
3421.969 
3459.300 
3496.900 
3534.772^ 


o 


10.417 


110.917 


23 

Ys 
Ya. 
Ys 
Yt 
Vs 

S 


1013.917 


35 3572.917 

H 361 1.334 
M 3650.027 
^3688.994 
M:3728.240 
5^3767.763 
543807.561 
K 3847.641 


H 
% 


11.218 
12.059 
12.941 
13.865 
14.832 
15.843 
16.898 


y% 
P 


114.741 
118.652 
122.652 
126.740 
130.918 
135.186 
139.547 


1030.538 
1047.340 
1064.323 
1081.490 
1098.839 
1116.374 
1134.094 


M 2058.811 
>i2085.434 
5^2112.285 
1^2139.365 
^2166.676 
8^2194.218 
J^ 2221.992 


6 


18.000 


12 


144.000 


[18 


486.000 


24 


1152.000 


,30 


2250.000 


36 


3888.000 
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CARNEQIE STEEL COMPANY 

HOLLOW ROUND SECTIONS 
Arbas and Rabii of Gyhation 



Area= -^ 'P^~^ !I= 0.785* (Da-ds) sq. i 



ELBMBNTS OF SECTIONS 



HOLLOW SQUARE SECTIONS 
Areas ahd Radii of Giration 

I -- , Area = D^— d^ aq. in. 

M ^ ^ :,- , - \;D2 + d 

J ■ J Radius of gyration^ \ — pj — 



CARNEQIB STEEL COMPANY 



RADII OF GYRATION FOR TWO EQUAL ANGLES 







V 


J 



T 
2' 





2 

"•1 


l«" 


-V4"tO%" 


^ 






J 


"^ 






1 


u 


L 


1 



2: 



Single Angle 


Two 

Angles 




Radii of Gyration, Inches 




Size, 
Inches 


Weight, 
Poiinds 
per Foot 


Area, 
Inches^ 


Axis 1-1 


Axis 2-2 


In 
Contact 


M" Apart 


5^" Apart 


3^" Apart'^" Apart 


8x8 xlJ^ 


56.9 
42.0 
26.4 


33.46 
24.68 
15.50 


2.42 
2.46 
2.50 


3.42 
3.37 
3.33 


3.51 
3.46 
3.41 


3.55 
3.50 
3.45 


3.60 
3.55 
3.50 


3.69 
3.64 
3.59 


6x6x1 

H 
% 


37.4 
26.5 
14.9 


22.00 
15.56 

8.72 


1.80 
1.83 
1.88 


2.59 
2.54 
2.49 


2.68 
2.63 
2.58 


2.72 
2.67 
2.62 


2.77 
2.71 
2.66 


2.87 
2.81 
2.75 


5x5x1 

H 


30.6 
21.8 
12.3 


18.00 

12.80 

7.22 


1.48 
1.51 
1.56 


2.19 
2.13 
2.09 


2.28 
2.22 
2.17 


2.33 
2.26 
2.21 


2.38 
2.31 
2.26 


2.47 
2.40 
2.35 


4 X 4 xji 


19.9 
6.6 


1 11.68 
3.88 


1.18 
1.25 


1.75 
1.66 


1.85 
1.75 


1.89 
1.79 


1.94 
1.84 


2.04 
1.93 




17.1 
5.8 


10.06 
3.38 


1.02 
•1.09 


1.55 
1.46 


1.65 
1.56 


1.70 
1.59 


1.75 
1.64 


1.85 
1.73 


3 X 3 x^ 


11.5 
4.9 


6.72 

2.88 


0.88 
0.93 


1.32 
1.25 


1.41 
1.34 


1.46 
1.38 


1.51 
1.43 


1.61 
1.53 


2Mx2HxH 


7.7 
4.1 


4.50 
2.38 


0.74 
0.77 


1.09 
1.05 


1.19 
1.14 


1.24 
1.19 


1.29 
1.24 


1.39 
1.34 


2x2 Xi^tf 


5.3 
3.19 


3.12 

1 1.88 


0.59 
1 0.61 


0.88 
0.85 


0.98 
0.94 


1.03 
0.99 


1.08 
1.04 


1.19 
1.14 



This table and the two following are employed in computing the safe 
resistance to compressive stress of two angles, back to back, used as a strut 
or as the compression chord of a roof truss, etc., as follows: 

Obtain from the compression formula in use the allowed stress per square 
Inch corresponding to the ratio of slendemess of the section, and multiply 
that value oy the area. The result will be the allowable compressive stress. 

Example 1. Section given. Required the safe load in compression as per 
formula 1=19000—100 1/r on a strut composed of two angles 4" x 4"x J^". 
back to back, with an unsupported length of 9 feet. 

Area of Secton, A =3.88 square inches; Least Radius, r=1.25. 

Ratio of Slendemess, l/r = 9 x 12-5-1.25=86.4. 

Allowed Unit Stress, f = 19000— 100 x 86.4= 10360 pounds per square inch. 

Safe Load, Af = 3.88 x 10360=40200 pounds. 

Example 2. Stress given. Required a section for a member in compression 
12' 3" long, made of two angles separated by ^ inch gusset plates, to resist a 
total gtress of 35000 pounds; ratio of slendemess not to exceed 120. 

Assume 2 angles, 5" x 3" x "He", long legs, back to back. 

Area of Section, A = 4.80 square inches; Least Radius, r = 1.26 inches. 

Ratio of Slendemess, l/r =12.25 x 12^1.26= 116.7. 

Allowed Unit Stress, f= 19000— 100 x 116.7 = 7330 pounds per square inch. 

Safe Stress, Af = 4.80 x 7330 = 35200 pounds. 

In the first case the least radius is that about axis 1-1 ; in the second case 
about axis 2-2; in all cases the least radius determines the ratio of slendemess 
and therewith the allowed safe compressive stress. In all cases also the two 
angles are to be secured together by stay rivets so spaced as to insure that the 
section acts as a unit. The ratio of slendemess of any single angle between 
rivets must always be less than that of the strut or compression chord. 
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ELEMENTS 


OF SECTIONS 






RADII GF GYRATION FOR TWO UNEQUAL ANGI^S 






Lonff \jtgB Vertical 




■ 




1 
< 


« 

2 






2 

— n 


iy4"to%' 


/ 




'^ V 


■7 


'^ y 

1 


. — ' 

\ 1 




1 


T 1 

1 




4 

i 


2 






2 


1 






Single Angle 


Two 
Angles 


Radii of Gyration, Inches 


Size, 
Inches 


Weight, 

Pounds 

per Foot 


Area, 
Inches^ 


Axis 1-1 


Axis 2-2 


In 
Contact 


J^" Apart 


W Apart 


^" Apart 


^" Apart 


8x6x1 


44.2 
33.8 
20.2 


26.00 
19.88 
11.86 


2.49 
2.53 
2.57 


2.39 
2.35 
2.31 


2.48 
2.44 
2.39 


2.52 
2.48 
2.43 


2.57 
2.52 
2.48 


2.66 
2.61 
2.56 


8 x3Hxl 


35.7 
27.5 
16.5 


21.00 

16.12 

9.68 


2.51 
2.55 
2.59 


1.26 
1.20 
1.15 


1.35 
1.29 
1.23 


1.40 
1.34 
1.28 


1.45 
1.39 
1.32 


1.55 
1.49 
1.41 


7 x3Hx 1 


32.3 
23.0 
13.0 


19.00 

13.50 

7.60 


2.19 
2.23 
2.27 


1.31 
1.25 
1.20 


1.40 
1.34 
1.28 


1.45 
1.39 
1.33 


1.50 

1.44 
1.37 


1.60 
1.53 
1.46 


6x4x1 


30.6 
21.8 
12.3 


18.00 

12.80 

7.22 


1.85 
1.89 
1.93 


1.60 
1.55 
1.50 


1.69 
1.63 
1.58 


1.74 
1.68 
1.62 


1.79 
1.73 
1.67 


1.89 
1.82 
1.76 


6 xSi^xl 

To 


28.9 

20.6 

9.8 


17.00 

12.12 

5.74 


1.85 
1.89 
1.95 


1.37 
1.31 
1.25 


1.47 
1.41 
1.33 


1.51 
1.45 
1.37 


1.56 
1.49 
1.42 


1.66 
1.60 
1.50 


6 X 4 x>g 


24.2 
11.0 


14.22 
6.46 


1.52 
1.59 


1.66 
1.58 


1.76 
1.66 


1.80 
1.70 


1.85 
1.75 


1.95 
1.85 


6 x3Hx% 


22.7 
8.7 


13.34 
5.12 


1.53 
1.61 


1.42 
1.33 


1.51 
1.41 


1.56 
1.45 


1.61 
1.50 


1.71 
159 


5 X 3 x}8 


19.9 
8.2 


11.68 
4.80 


1.55 
1.01 


1.18 
1.09 


1.27 
1.17 


1.32 
1.22 


1.37 
1.26 


1.47 
1.35 


4Hx 3 xig 
1% 


18.5 

7.7 


10.86 
4.50 


1.38 
1.44 


1.21 
1.13 


1.31 
1.22 


1.36 
1.26 


1.41 
1.30 


1.51 
1.40 


4 x33^1f 


18.5 

7.7 


10.86 
4.50 


1.19 
1.26 


1.50 
1.42 


1.59 
1.51 


1.64 
1.55 


1.69 
1.60 


1.79 
1.69 


4 X 3 x}3 


17.1 
5.8 


10.06 
3.38 


1.21 
1.28 


1.25 
1.16 


1.35 
1.24 


1.40 
1.28 


1.45 
1.33 


1.55 
1.43 


3i^x 3 xH 


15.8 
5.4 


9.24 
3.12 


1.04 
1.11 


1.30 
1.20 


1.40 
1.29 


1.45 
1.34 


1.50 
1.38 


1.60 

1.48 


3)^x2Hx}i 


12.5 
4.9 


7.30 

2.88 


1.06 
1.12 


1.03 
0.95 


1.13 
1.04 


1.18 
1.09 


1.23 
1.13 


1.33 
1.23 


3 x2>^xA 


9.5 
4.5 


5.56 
2.64 


0.91 
0.95 


1.05 
1.00 


1.15 
1.09 


1.20 
1.13 


1.25 
1.18 


1.35 

1.28 


3 X 2 xH 


7.7 
4.1 


4.50 

2.38 


0.92 
0.95 


0.80 
0.74 


0.89 
0.84 


0.94 
0.88 


I'.OO 
0.93 


1.10 
1.03 


2>ix 2 xH 


6.8 
3.62 


4.00 
2.12 


0.75 
0.78 


0.84 
0.80 


0.94 
0.89 


0.99 
0.93 


1.04 
0.98 


1.15 
1.08 
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RADII OF GYRATION FOR TWO UNEQUAL ANGLES 



Short Legs Vertical 




^ 



^-w'to%" 



CT. 



Single Angle 


Two 
Angles 


Radii of Gyration, Inches 


SiAe 


Weight, 

Pounds 

per Foot 


Area, 
Tnchefl2 


Axis 1-1 


Axis 2-2 


Inches 


In 
Contact 


Ji" Apart 5^" Apart 


^" Apart^ ' Apart 


8x6x1 


44.2 
83.8 
20.2 


26.00 
19.88 
11.86 


1.73 
1.76 
1.80 


3.64 
3.60 
3.65 


3.73 
3.69 
3.64 


3.78 
3.73 
3.68 


3.83 
3.78 
3.73 


3.92 

1 3.87 

3.82 


8 x3Hx 1 


36.7 
27.5 
16.6 


21.00 

16.12 

9.68 


0.86 
0.88 
0.92 


4.04 
3.99 
3.93 


4.14 
4.09 
4.02 


4.19 
4.13 
4.07 


4.24 
4.18 
4.12 


4.34 
4.28 
4.22 

It 


7 x3Hx 1 


32.3 
23.0 
13.0 


19.00 

13.60 

7.60 


0.89 
0.92 
0.96 


3.48 
3.42 
3.36 


3.68 
3.52 
3.46 


3.63 
3.67 
3.60 


3.68 
3.62 
3.66 


3.78 
3.72 
3.65 


6x4x1 


30.6 
21.8 
12.3 


18.00 

12.80 

7.22 


1.09 
1.13 
1.17 


2.85 
2.79 

2.74 


2.95 
2.89 
2.83 


2.99 
2.93 
2.87 


3.04 
2.98 
2.92 


3.14 
3.08 
3.02 


6 x3Hx 1 
H 


28.9 

20.6 

9.8 


17.00 

12.12 

6.74 


0.92 
0.95 
1.00 


2.92 

2.87 
2.81 


3.02 
2.96 
2.90 


3.07 
3.01 
2.95 


3.12 
3.06 
3.00 


3.22 
3.16 
3.09 


5 X 4 xj| 


24.2 
11.0 


14.22 
6.46 


1.14 
1.20 


2.29 
2.20 


2.38 
2.29 


2.43 
2.34 


2.48 
2.38 


2.58 
2.48 


6 x3Hx% 
1^ 


22.7 

8.7 


13.34 
6.12 


0.96 
1.03 


2.36 
2.26 


2.45 
2.36 


2.50 
2.39 


2.55 
2.44 


2.65 
2.64 


5 X 3 xH 


19.9 
8.2 


11.68 
4.80 


0.80 
0.86 


2.42 
2.33 


2.52 
2.42 


2.67 
2.47 


2.62 
2.62 


2.72 
2.61 


4Hx 3 xil 


18.6 

7.7 


10.86 
4.60 


0.81 
0.87 


2.15 
2.06 


2.25 
2.15 


2.30 
2.20 


2.35 
2.26 


2.45 
2.34 


4 x3Hxig 


18.5 

7.7 


10.86 
4.50 


1.01 
1.07 


1.81 
1.73 


1.91 
1.81 


1.96 
1.86 


2.01 
1.91 


2.11 
2.00 


4 X 3 xig 


17.1 

6.8 


10.06 
3.38 


0.83 
0.89 


1.88 
1.78 


1.98 

1.87 


2.03 
1.92 


2.08 
1.96 


2.18 
2.06 


3Hx 3 xii 


15.8 
5.4 


9.24 
3.12 


0.85 
0.91 


1.61 
1.52 


1.71 
1.61 


1.76 
1.65 


1.81 
1.70 


1.91 
1.80 


3Hx2HxU 


12.5 
4.9 


7.30 

2.88 


0.69 
0.74 


1.66 
1.58 


1.75 
1.67 


1.80 
1.71 


1.80 
1.70 


1.96 
1.86 


3 x2Hxft 


9.5 
4.5 


5.56 
2.64 


0.72 
0.75 


1.37 
1.31 


1.46 
1.40 


1.51 
1.45 


1.66 
1.60 


1.66 
1.69 


3x2 xH 


7.7 
4.1 


4.50 
2.38 


0.55 
0.57 


1.42 
1.38 


1.62 
1.47 


1.67 
1.62 


1.62 
1.57 


1.72 
1.67 


2Hx 2 xH 


6.8 
3.62 


4.00 
2.12 


0.66 
0.69 


1.15 
1.11 


1.26 
1.20 


1.30 
1.25 


1.35 
1.30 


1.46 
1.40 



I 
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STRESSES IN BEAMS 

In the application of the principles of structural mechanics to 
determine what sections should be used safely to sustain super- 
imposed loads under specified conditions of loading, it is necessary 
to ascertain, first, the effects produced on the structure by the loads 
under those conditions; second, to decide what unit strength the 
material, the use of which is contemplated, has to resist the stresses 
produced within the structure by the loading; and, third, to select 
a section whose section modulus is equivalent to the ratio found to 
exist between the stresses tending to cause deformation within 
the structure and the unit strength of the material to resist them. 

Reactions. In the simple case of a beam supported at both ends, 
each support reacts with an upward pressure called the reaction 
of the support. The sum of these two reactions is equal to the total 
load on the beam. 

Shear. The loads and the reactions of the supports are vertical 
forces tending to shear or cut the beam across and the stresses 
they produce within the beam are, therefore, called shearing 
stresses. The shear at each support is equal to the reaction of 
the support; the shear at any point between the supports is equal 
to the reaction of a support less the total load betvvcen that 
support and the point; or, if the reaction acting upward is 
considered as positive and the loads, acting downwards, as 
negative, the shear at any point is the algebraic sum of the 
vertical forces acting on the beam between that point and either 
support. 

If such a simple beam supported at both ends carries a load 
uniformly distributed over its entire length, the reaction and the 
shear at each support is equal to one-half the total load on the 
beam, but the shear decreases uniformly to zero at the center of 
the span; if the load is concentrated at the center of the span, the 
reaction and the shear at each support are also equal to one-half 
the total load, but the shear is uniform throughout the entire 
length of the beam. 

Bendins Moment. The loads on .the beam and the reactions of the 
supports constitute external forces which produce bending stress in 
the beam. The summation of the moments of the external forces 
about any point is called the bending moment and varies from 
point to point. It attains a maximum value at a point where the 
shear is either zero or changes from positive to negative or vice 
versa. If the loads are concentrated at several points, the maxi- 
mum bending moment always occurs at the point of application of 
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one of the loads so located that the sum of all the loads on the beam 
between one support up to and including that load is equal to or 
greater than the reaction of the support. 

Vertical Deflection. Bending stress within a beam produces flexure, 
and the deflection, or the amount of its departure from a straight 
line, is the measure of the deformation which the beam has under- 
gone in its resistance to bending stress. So long as the stress is 
within the safe limits allowed for the material, the deflection is 
negligible so far as concerns the beam itself; it may, however, be 
of sufficient magnitude to cause the disruption of other materials 
in contact with or supported by the beam but of less strength, such 
as plaster. In such cases the limit of allowable deflection may 
determine or at least influence the choice of a section. 

Lateral Deflection. The stresses within a beam under transverse 
loading are compressive on one side of the neutral axis and tensile 
on the other. The tensile stresses tend to hold the beam in a 
straight line between the supports, while the compressive stresses 
tend to deflect it in a lateral direction, just as the bending stresses 
as a whole tend to deflect it in a vertical plane. On long spans 
unsupported against sidewise deflection, this consideration may 
influence the choice of sections. 

Method of Computation. A complete investigation of the strength of 
beams under transverse loading must take into account all the 
elements, the bending moment, the vertical deflection, the lateral 
deflection and the shearing stress; though under the usual loading 
conditions the flrst alone determines the size and weight of section. 

In the calculation of bending stresses, the loads are usually 
expressed in pounds, the span length and the distance between the 
loads in feet; the resulting bending moments are in terms of foot 
pounds, which necessitates conversion to inch pounds before the 
section can be selected from the tables. The section modulus of 
the reqiiired section is obtained by dividing the maximum bending 
moment in inch pounds by the allowed fiber stress in pounds per 
square inch. In such calculations it is assumed that the neutral 
axis of the section is normal to the line of action of the load. When 
this is not the case, correction must be made for the eccentricity 
of the loading. 

In the pages which immediately follow are given general formulas 
for the bending moments and vertical deflections of beams under 
the usual conditions of loading, and also diagrams illustrative of 
those conditions. The general method for the computation of the 
maximum bending moment of a beam supported at its ends and 
loaded at various points is as follows: — 
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I 



— 12'. (y^ ♦!' 

-16'- 0-^ 



First. Find the reaction at the left (right) support by multi- 
plying each load by its distance from the right (left) support and 
dividing the sum of these products by the length of the span. 

Second. Starting from the left (right) end of the beam, add the 
successive loads until a point is reached where the sum of the loads 
equals or exceeds the reaction of the left (right) support; the point 
of maximum bending moment is located at this point. 

Third. Multiply the reaction at the left (right) support by its 
distance from the point of maximum bending moment and subtract 
the sum of the products of all loads to the left (right) of this point 
by the corresponding distance from this point; the diflFerence 
between these moments is then the maximum bending moment. 

Example: Required the size of a 
steel beam to support the following 
quiescent loads over a clear span of 16 
feet between supports, at a maximum 
fiber stress not to exceed 16000 pounds 

per square inch. 
Wi = 16000 pounds. 4 feet from left support. 
W2= 18000 '• 9 •* •* " 

W8= 2000 •• per foot, uniform up to 4 feet from right support. 
Wi=i 60 •• *• *• assumed weight of beam uniformly distributed 

over entire span. 

Left Reaction. 16000 ^ 12 + (60 x 16)8 +^18000 x 7 + (2000 x 4) x 2^^^^^^ ^^ 

Right Reaction. 16000 ^ ^ + (60 x 16) 8 + 18000 x9 + (2000 x 4) x U^^^^OS lbs. 

Sumofreactlons=sumofloads=Wi + W, + W, + W* =42960 lbs. 

Points of maximum moment (60 x 4) + 16000 = 16240 < 21355 

(60 X 9) + 16000 + 18000 = 34540 > 21355 
therefore the point of maxinjum bending moment is at point of load Wa. 
Maximum bending moment, 21355x9-16000x5-(60x9)x4.6 =109765 ft. lbs. 

or, 21605x7-(2000x4)x5-(60x7)x3.5 =109766 ft. lbs. 

^ . , ., , , 10 9765 X 12 1317180 o<y a 

Requu'ed section modulus = — TgDOO — = leOOO =^^-^ 

As the section modulus of the 15 inch 65 pound or the 18 inch 55 pound 

beam is greater than this, either of these sections may be used. If it is decided 

^ 

that the 18 inch 46 pound supplementary beam is strong enough for the 

1317180 



purpose, the actual fiber stress on that section would be 



16162 



81.5 
pounds per square inch. If the allowed fiber stress were 12500 pounds per 

109765 X 12 1317180 _ 
— 12500 - 



square inch, the required section modulus would be 



12500 
105.38 and the permissible minimmn sections would be 20 inch 65 poimd. 21 

Inch 57.5 poimd beams, etc. 
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NOTATION USED IN FORMULAS 

A =Area of section, in square inches. 

n =Distance from center line of gravity to extreme fiber, in inches. 

I =Moment of inertia about center line of gravity, in inches*. 

Ms=Static moment, in inches^. 

S =Section modulus =I/n, in inches^. 

r =Radius of gyration=-JI/A, in inches. 

f =Bending stress in extreme fiber, in pounds per square inch. 

fb =Resistance of web, in pounds per square inch. 

E =Modulus of elasticity, in pounds per square inch. 

L =Length of section, in feet. 

1 =Length of section, in inches. 

d =Depth of section, in inches. 

b =Width of section, in inches. • 

t =Thickness of section, in inches. 

W, Wi, W2=Superimposed loads supported by beam, in pounds. 

w =Superimposed load, in pounds per unit length or area. 

W max =Maximum safe load at point given, in pounds. 

R, Ri ==Reactions at points of support, in pounds. 

V =Vertical shear, in pounds. 

M, Ml, M2=Bending moments at points given, in inch pounds. 

M max =Maximum bending moment, in inch pounds. 

Mr = Maximum resisting moment, in inch pounds=f I/n = f S. 

D, Di =Deflections at points given, in inches. 

D max =Maximum deflection at point given, in inches. 
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COMPARISON OF VARIOUS LOADING CONDITIONS 

The formulas and diagrams on pages 172 to 175 give the various 
stresses in sections used as beams, resulting from usual conditions 
of loading. 

Taking as a unit of comparison a uniformly distributed safe load 
on beams of equal length and section, supported at the extreme 
ends, the following table gives the relative maximum safe loads 
or bending moments and deflections. 

As a check on the accuracy of a computation, the safe load 
obtained from the formula for any condition of loading may be 
multiplied by tfee reciprocal given in the table corresponding to 
such loading condition ; the result should be the maximum allowable 
uniform load as taken from beam safe load tables. 



Conditioiis of Loading 


Case 
No. 


Maximum Safe 
Load 


Maximum 
Deflection 




Relative 


Reciprocal 


Relative 


Beam Supported at Ends 










Load uniformly distributed over span 


IX 


1 


, 1 


1 


Load concentrated at center of span 


V 


% 


2 


.80 


Two equalloads symmetrically concentrated 


VII 


l/4a 


4a/l 




Load Increasing uniformly to one end 


X 


.9743 


1.0264 


.976 


Load Increasing uniformly to center 


XII 


% 


IH 


.96 


Load decreasing uniformly to center 


XI 


% 


% 


1.08 


Beam Fixed at One End, Cantileter 










Load uniformly distributed over span 


II 


y* 


4 


2.40 


Load concentrated at end 


I 


% 


8 


3.20 


Load increasing uniformly to fixed end 


III 


% 


2% 


1.92 


Beam Oontinuous over Two Supports 










Equidistant from Ends 










Load uniformly distributed over span 


XVI 








1. If distance a > 0.2071 1 




l3/4a2 


4a2/12 




2. If distance a <0.2071 1 




1 
l-4a 


l-4a 

1 




3. If distance a =0.2071 1 




5.8285 


.1716 




Two equal loads concentrated at ends 


XV 


l/4a 


4a/r 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bending Moments and Deflections 



M| max. 



I. CANTILEVER BEAM — Concentrated load at free end 

Bi(max. shear) 

M, distance x 
Mmax, at Ri 
Wmax. 
D max. 




= W 
= Wx 

= Wl 

__fS 
~ 1 

~ 3J2I 



11. CANTILEVER BEAM— Uniformly distributed load 




r^ 



RiCmax. shear) 
M, distance x 
M max. at Ri 
Wmax. 
Dmax. 



W 

WX3 

21 
Wl 



2fS 



Wis 

81. 1 



UL CANTILEVER BEAM — Load increasing: uniformly to fixed end 

= W 




Ri(max. shear) 
M, distance x 
Mmax. at Ri 
Wmax. 
Dmax. 



w 


X8 


3 


18 


Wl 
3 




3fS 

1 




WIS 





15EI 



IV. BEAM SUPPORTED AT ENDS — Concentrated load near one end 




I 



Ml max. 



■¥ 



— -^ -h 

K-yt(a + 2b)s j 




Wb 
R(max. shear if b>a) = ^-^ — 

Wa 
Ri(max. shear if a>b)= — ^ — 

M, distance x = 

M max., atpointof load= 

Wmax. 

Wab (a+2b) V3a (aH-2b) 



Wbx 

~r" 

Wab 
1 

= ^Sl 
ab 



Dmax. 



27EI1 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bending Moments and Deflections 

V. BEAM SUPPORTED AT ENDS — Concentrated load at center 




M max.^ (°^**- shear) =Ri 
M. distance z 
Mmax., at point of load 
Wmax. 
D max.' 



W 

2 
Wx 

2 
WI 

4 
4fS 

W18 

48iil 



VI. BEAM SUPPORTED AT ENDS — ^Two unaymmetrical concentrated loads 

W 
R (max. shear if a<b) = -^(1-a+b) 




H-a-»Hl-(a+b>{«— -b- - -*\ 




= -^(l+a-b) 

= Ra=-^(l-a+b) 

Wb 
Ml max., distance b (b>a)= Rib=-^r-(l+a-b) 



Ri 

M, distance a 



M2, distance x 
Wmax. (b>a) 



= Rx 



W 



2 
21fS 



(x-a) 



b(I+a-b) 



Mimax. K (°iax. shear) =Ri 
^ M, distance x 



VII. BEAM SUPPORTED AT ENDS — ^Two symmetrical concentrated loads 

W 
2 

Wx 

2 

Wa 
M max.atandbetweenloads= —^ 

2f9 
a 
Wa 




¥0 Of 



Wmax. 
Dmax. 



= T^('>y'-'^) 



VIII. BEAM SUPPORTED AT ENDS — Three concentrated loads 




I*— -f-a2^- -»r D2-*' 

!♦— laj— H«- ibf— >' 

'I 1- ' 
««-a-»f---t---D--h-- 




R 

Ri 

MatW 

M max. if W 

MatWi 

Mmax.if Wi+W 
Mmax. if W1+W2 

MatW2 

M max. if Wa 



Wb+Wibi+W2b2 
= J 

Wa+Wiai +Waaa 
= 1 

= Ra. 

= or>R 

= Rai-W(ai-a) 

= Ror>R 

==Rior>Ri 

= Ra2-W (a2-a)-Wi(a2-ai) 

= Rior> Ri 



173 



CARNEGIE STEEL COMPANY 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bending Moments and Deflections 

IX. BEAM SUPPORTED AT ENDS— Uniformly distributed load 

W 

R(max. shear)=Ri ~ 

;max. • 

M, distance x 

M max. at center 

Wmax. 

Dmax. 





k.-X--*" 



384E1 ^ A 



X BEAM SUPPORTED AT ENDS — Load increasing uniformly to one end 

_ W 

— "^ 

2W 

Ri (max. shear) ^"^^ 



R 




•max. 



M, distance x 



1 V3 



h ^^1=1^1 




*--X— »' 



M max., distance T-g; 



Wmax. 



Dmax. 



_ Wx X2. 

= -3-(l-ja-) 

__ 2W1_ 

9 ^3 

27fS__ 
"" 21 >/ 3 • 

.013044 W18 
El 



XL BEAM SUPPORTED AT ENDS — Load decreasing uniformly to center 

* R(max. shear )=Ri 

M, distance x 
M max., distance -g- 
Wmax. 
'^^-^^^R^ Dmax. 




1 



•♦-x- 



W 

= Wx(H-^+^) 

_ Wl 
"" 12 
_ 12fS 

r~ 

-" 320EI 



XII. BEAM SUPPORTED AT ENDS — Load increasins uniformly to center 

W 
R(max. shear)=Ri = -5- 

imax. 

M, distance X 




= Wx(H-^) 



M max., distance -^ 

Wmax. 

Dmax. 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bending Moments and Deflections — Concluded 

Xm. BEAM SUPPORTED AT ENDS— Uniform load partially distribated 

R(max. shearif a<c)= ^(^c+^) 
Ri = W(2a+b) 

M , dis t . x=a or <a, = Rx 

W(x-a)2 




U-a-(- -Sk-J 

K— -4 j-l-l- ♦{ 

}»-ar-»t» — $— »J^— c— ^ 



R 




m 



^Ri 



w— 3E-— ♦ 



Ml dist. x> a, = Rx -^ 

Ma.dist.x>(a+b), =Rx ^(23t-2a-b) 
Mmax..dist.a+^.=^i^2±M^±M2c±blJ 

Wmax SlafS 

^°'^- - (2c+b)l4al+b(lic+b)l 



XIV. BEAM SUPPORTED AT ENDS— Uniform load partially discontinuous 

■* RCmax. shear if W>Wi) ^ W(21-a)+W,c 

Ri 
M, distance x <a. 




max. 



_ Wi(21^)+Wa 
= ^ 



-f-l- 



• — a— -■^--b--*^«■-■c-- 







■ I 



Ml distance X >a, 

2Wal-Wa2+Wica 
M max. dist.x""^ 2WI 

& Wa>WiC 

Wmax. 



_R£a 
__ R2a 



XV. BEAMCONTINUOUS OVER TWO SUPPORTS— Two exterior symmetrical loads 

j R(max. shear)=rRi ^ 

M!max. 
.-» M, distance x 




Wx 



f"a-*!4-^-ri-a4-a- 



.'2 




M max.; from R to Ri 

Wmax. 

D, distance a 

Di, distance-^ — a 



Wa 

2fS 



Wa(3aJ-4a«) 

Wa(I-2a)g 
= 16EI 



XVI. BEAM CONTINUOUS OVER TWO SUPPORTS— Uniformly distributed load 

—V W 

JL R (max. shear) =Ri = — ^- 




Fj^. M. distance X =Bi^^i±2« o, ifx=I±V^) 



max.ifa>l(VH-H) 



Wa2 
Ml at R and Ri= -^gf- 

Ma at center =s |^^^ °'^ max. if a < 1( V^H) 



w 21f8 

Wj max. =r— p— 



•* — -X- — -*• 



Wa max. 



_ 8fS 
•^T^Sa 



max.ifa>l(VK-H) 
max.ifa<l(VH->4) 
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SAFE LOADS FOR SECTIONS USED AS BEAMS 



EXPLANATION OP TABLES 

The tables of safe loads for structural and supplementary beams, 
H-beams, cross tie sections and channels, used as beams under 
conditions of transverse loading, give the uniformly distributed 
safe loads in thousands of pounds for spans customary in bridge 
and building construction based upon an extreme fiber stress of 
16,000 pounds per square inch. The tables of safe loads for angles, 
tees and zees give the values at the same fiber stress on spans of one 
foot from which the safe load for any span length may be obtained 
by direct division and also the values for those spans at which the 
allowed safe load will produce a deflection of ^eo of the span length. 
The loads in all cases include the weight of the section, which should 
be deducted in order to arrive at the net load which the section will 
support. 

In addition to these usual tables of safe loads, there follow, on 
the same basis, tables of the allowable uniform load in pounds per 
foot on beams and channels for various span lengths, which may be 
used in proportioning the floor systems of buildings. The choice 
between various weights and depths of sections for any given span 
or any uniform load per running foot may be made on inspection. 

It is assumed in all cases that the loads are applied normal to 
the axis 1-1 as shown in the tables of elements of sections, and that 
the beam deflects vertically in the plane of bending only. If the 
conditions of loading involve the introduction of forces outside this 
plane of loading, the allowable safe loads must be determined from 
the general theory of flexure in accordance with the mode of appli- 
cation of the load and its character. This applies particularly to 
unsymmetrical sections, such as zee bars and angles, which should 
be used only under those conditions of loading where the section 
can deflect vertically only, being rigidly secured against lateral 
deflection or twisting throughout the entire span. In all such 
cases of eccentric loading, the actual safe loads would be considerably 
lower than the tabulated safe loads which have been based upon 
the most favorable conditions of loading. 

Vertical Deflection of Beams. In the case of beams intended to carry 
plastered ceilings, experience indicates that the vertical deflection 
to avoid cracking the plaster should be limited to not more than 
%6o of the span length. This span limit for steel beams is approxi- 
mately in feet twice the depth in inches and is indicated in the 
tables by the lower zigzag line. Beams intended for such purposes 
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should not be used for greater spans unless the allowable tabular 
safe load exceeds the actual load to be supported. As the dead 
load of the floor is supported by the beams before the plaster is 
applied, only the deflection due to the live load really needs to be 
considered. 

The coefficients given below may be used to obtain the deflection, 
in inches, of sections subjected to transverse stresses due to uniformly 
distributed loads at various fiber stresses and are based upon the 
following formulas, using the notation given on page 170, 

reflection, D=^-S^.when W.=f or D=,^^=l«If X 1 ^ 



IT 

„ ^_j 1 ^f d T^ 30fL*,, 1 Coefficient 
For symmetrical sections. n=^. D^ E-^d = depth in Igchea 



n 



Coefficients of Deflection Uniformly Distributed Loads 



Span, 


Fibcsr Stress, Pounds per 1 


Square Inch 


Span, 
Feet 


Fiber Stress, Poundii per 


Square Incli 


Feet 


16000 


14000 


12500 


16000 


14000 


12500 


1 


0.017 


0.014 


0.013 


26 


11/189 


9.790 


8.741 


2 


0.066 


0.058 


0.052 


27 


12.066 


10.558 


9.427 


3 


0.149 


0.130 


0.116 


28 


12.977 


11.354 


10.138 


4 


0.265 


0.232 


0.207 


29 


13.920 


12.180 


10.875 


5 


0.414 


0.362 


0.323 


30 


14.897 


13.034 


11.638 


6 


0.596 


0.521 


0.466 


31 


15.906 


13.918 


12.427 


7 


0.811 


0.710 


0.634 


32 


16.949 


14.830 


13.241 


8 


1.059 


0.92r 


0.828 


33 


18.025 


15.772 


14.082 


9 


1.341 


1.173 


1.047 


34 


19.134 


16.742 


14.948 


10 


1.655 


1.448 


1.293 


35 


20.276 


17.741 


15.841 


11 


2.003 


1.752 


1.565 


36 


21.451 


18.770 


16.759 


12 


2.383 


2.086 


1.862 


37 


22.659 


19.827 


17.703 


13 


2.797 


2.448 


2.185 


38 


23.901 


20.913 


18.672 


14 


3.244 


2.839 


2.534 


39 


25.175 


22.028 


19.668 


s 


3.724 


3.259 


2.909 


40 


26.483 


23.172 


20.690 


^4.237 


3.708 


3.310 


41 


27.824 


24.346 


21.737 


17" 


4.783 


4.186 


3.737 


42 


29.197 


25.548 


22.810 


18 


5.363 


4.692 


4.190 


43 


30.603 


26.779 


23.909 


19 


5.975 


5.228 


4.668 


44 


31.954 


28.039 


25.034 


20 


6.621 


5.793 


5.172 


45 


33.517 


29.328 


26.185 


21 


7.299 


6.387 


5.703 


46 


35.023 


30.646 


27.362 


22 


8.011 


7.010 


6.259 


47 


36.562 


31.992 


28.566 


23 


8.766 


7.661 


6.841 


48 


37.135 


33.368 


29.793 


24 


9.534 


8.342 


7.448 


49 


39.741 


34.773 


31.047 


25 


10.345 


9.052 


8.082 


50 


41.379 


36.207 


32.328 



To find the deflection in inches of a section symmetrical about 
the neutral axis, such as beams, channels, zees, etc., divide the 
coefficient in the table corresponding to given span and fiber stress 
by the depth of the section in inches. 
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To find the deflection in inches of a section not Bymmetrical 
about the neutral axis, such as angles, tees, etc., divide the coeffi- 
cient corresponding to given span and fiber stress by twice the 
distance of extreme fiber from neutral axis obtained from table of 
elements of sections, pages 142 to 159, inclusive. 

To find the deflection in inches of a section for any other fiber 
stress than those given, multiply this fiber stress by any of the 
coefficients in the table for the given span and divide by the fiber 
stress corresponding to the coefficient used. 

Lateral Deflection of Beams. The tabular safe loads are based on the 
assumption that the compression flanges of the various sections are 
secured against lateral deflection by the use of tie rods or by other 
means at proper intervals. According to the Construction Specifi- 
cations, page 128, the lateral unsupported length of beams and 
girders should not exceed forty times the width of the compression 
flanges. When the unsupported length exceeds ten times the 
width, the tabular safe loads should be reduced in accordance with 
the ratios given in the following table in order to insure that the 
stresses in the compression flanges should not exceed the allowed 
safe unit stress: — 



Length of Span 



5 X flange width 
10 X 
15 X 
20 X 



Allowable Safe Load 



Full tabular load 

4i 44 44 

90.6% tabular load 

81.2% 



Length of Span 



25 X flange width 
30 X 
35 X 
40 X 



Allowable Safe Load 



71.9% tabular load 

62.6% 

53.1% 

43.8% 



44 
44 



In addition to this lateral deflection which is induced within 
the beam by the action of pure bending stresses, lateral deflection 
may be induced by the thrust of floor arches or other loading acting 
on an axis perpendicular to the line of principal bending stress. 
The thrust of these arches should either be neutralized by tie rods, 
or the safe carrying capacity of the beam should be computed in 
accordance with the general formulas of flexure to provide for the 
combined stresses due to the action of both vertical and horizontal 
forces; that is to say, the safe loads should be figured around both 
the axes 1-1 and 2-2, and the unit stress computed so as not to 
exceed 16,000 pounds per square inch. 

EfiFect of Impact on Stresses. The formulas upon which the tables of safe 
loads are based assume all loads to be quiescent or static. The effect 
of moving loads may be taken care of either by reducing the allowable 
unit stresses, or else by increasing the theoretical loads. See 
Construction Specifications, page 126, paragrajph 2. 
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When the load is suddenly applied, the resultant stresses are greater 
than those due to an equal static load. When the load is instan- 
taneously apphed, the resultant stresses are double. 

When an instantaneously applied load produces impact or percus- 
sion, the resultant stresses are dynamic and are measured by the laws 
governing the energy of bodies in motion. The following empirical 
formulas may be used to ascertain the approximate fiber stress and 
deflection due to a load falling on the center of a beam supported at 
both ends, when no account is taken of the distortion due to the 
impact or percussion at the point of application of the load: — Let 

W ==Weight of load, in pounds. 

Wi=Weight of beam, in pounds. 

h =Height of fall, in inches. 

f =Extreme fiber stress due to static load, W+Wi, in pounds per 
square inch. 

fd =Extreme fiber stress due to dynamic load, W, in pounds per 
square inch. 

D =Deflection due to static load, W+Wi, in inches. 
Dd ==Deflection due to dynamic load, W, in inches. 
35 W 
■35W+17Wi' 



m 



Then 



fd ==f (1 + \/l^k+T) and Dd=D + V2mhD + D2 

Shearing Stresses. The safe load tables for beams and channels are 
computed solely with reference to ss^fe unit stresses due to flexure, 
and the safe loads uniformly distributed on the spans given will not 
produce average shearing stresses in the web greater than the 
10,000 pounds per square inch allowed by the Construction Specifi- 
cations. When, however, beams are loaded with heavy loads 
concentrated near the supports, or when beams of short span are 
loaded with uniformly distributed loads to their full carrying 
capacity as regards flexure, the bending moments may be small in 
comparison with the reactions at the supports, and the beams may 
fail along the neutral plane as a reteult of longitudinal shearing 
stresses, or may buckle as a result if the combined longitudinal 
and vertical web stresses. On such\ spans the safe shearing or 
buckling strength of the web may liibit the carrying capacity of 
the beam rather than the resistance of the flanges to bending 
stresses. 

Longitadinal Shear. At any point in any section of a beam, the 
horizontal and vertical components of the web stress are equal to each 
other and proportional to the vertical shear; their intensities are 
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dependent upon the distance of the point from the neutral axis. In 
order to determine the intensity of the vertical shearing stress at 
a given point in a vertical section of the beam, therefore, it is 
sufficient to find the equal intensity of the horizontal shearing 
stress at the same point in the horizontal plane. 

The longitudinal unit shear is zero at the upper and lower flanges 
of the beam and a maximum at the neutral plane. It is greatest 
at the supports and zero where there is no vertical shear. 

The intensity of the longitudinal shear at any point in any section 
is the product of the vertical shear, V, for that section and the 
statical moment, Ms of the section included between the horizontal 
plane of shear through that point and the extreme fibers on the same 
side of the neutral plane divided by the product of the moment of 
inertia of the beam around the proper axis and the thickness at the 
plane of shear; or 

Longitudinal shear per square inch= . -r^ , 

Example — Required the maximum longitudinal 

shear per square inch in a 24" 80 lb. beam loaded 

with two symmetrical loads of 100,000 pounds 

each, disregarding the weight of the beam. 

Ms of Flange Rectangle=7x.60xl 1.7 = 49.14 

Ms of Flange Triangles =3.25x.542xll.219== 19.76 

Ms of Web =11.40x.50x5.70 = » 32.49 

Total Static Moment 101.39 

Moment of Inertia of Beam 1=2087.2 

=9715 pounds per square inch. 

Under usual conditions of loading, the vertical shear need not be 
taken into consideration. 

Bucklins Values of Beam Webs. The vertical shearing stresses or the 
vertical compressive components of the web stress may under some 
conditions exceed the safe resistance of the beam to buckling, and 
there remains the possibility that a web or web plate which is amply 
secure as against the safe allowed shear of 10,000 pounds per square 
inch will not be of sufficient strength when considered as a column. 
In such cases provision must be made for security against buckling 
either in the way of stiffeners or by increasing the thickness of the 
web or web plate. 

A series of experiments have been carried out on beams of various 
depths and web thicknesses to arrive at a basis for a simpler method 
of computation to use in the investigation of the safe buckling 
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resistance of beams with unsupported webs, and from these experi- 
ments the following formulas have been deduced : 





iitiiiiiiij Safe end reaction R — f b x t (a +-T-) 


mill 


? Safe interior load W— 2 fb x t (ai + ^ ) 



In these formulas R is the end reaction, W the concentrated load, 
t the web thickness, d the depth of the beam, a^ half the distance 
over which the concentrated load is appUed and a the whole 
distance over which the end reaction is applied, while fb is the safe 
resistance of the web to buckling in pounds per square inch by the 
formula 19000—100 d/2r (d/2=l in column formula). 

The first formula is general and applies to any condition of 
loading. The second formula covers the case of a single load 
concentrated at the center of a span; it can be extended to cover a 
system of concentrated loads provided the sum of the distances a^ is 
not less than a. 

The tables which immediately follow give for beams and channels 
with unsupported webs: 

1. Allowed web resistance fb, in pounds per square inch com- 
puted from this compression formula. 

2. The distance a, or the distance over which the end reaction 
must be distributed when the shearing stress, V, in the web is the 
maximum allowable of 10,000 pounds per square inch. 

3. The allowable end reaction (R) when a is taken at, 33^" 
which is the usual length of beam actually resting on the 4" angles 
ordinarily used in building construction for beam seats. 

4. The allowable shear V, on the gross area of beam or channel 
webs at 10,000 pounds per square inch. 

In addition to these data which have to do with the maximum 
loads on beams and channels as computed from the web resistance, 
these tables also give the maximum bending moments in foot 
pounds, obtained by the multiplication of the section modulus of 
each section by the allowed fiber stress of 16,000 pounds and the 
division of the product by 12 in order to reduce to a foot pound 
basis. These maximum bending moments may be used on inspec- 
tion instead of the table of properties to ascertain the proper size 
section to be used in any particular instance. 
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Examples of the Use of Beam Safe Load Tables 

Example 1. Direct Bending. Required the proper size of a beam laterally 
braced to support a superimposed or net load of 30,000 pounds uniformly 
distributed over a clear span of 20 feet. 

From the table of safe loads, page 188, It is found that a 15 Inch 42 i>ound 
beam will support a gross load of 31,400 pounds. The weight "of a beam 20 
feet long is 840 pounds. The net safe load is, therefore, 31.400 — 840=30,560 
pounds. A 15 Inch 42 pound beam will, therefore, carry the net load specified. 

Example 2. Shear. Required the maximum load which a 20 inch 85 
pound beam can support without exceeding the safe web resistance of the 
section. 

From the table, page 187, the maximum load for this section given in small 
figures above the upper zigzag line is foimd to be 265,200 poimds. 

Example 3. Vertical Deflection. Required the proper size and the 
deflection of a channel supporting a net load of 10,000 pounds concentrated in 
the middle of a 14-foot span, assuming that the channel is braced against 
lateral deflection. 

The specified load is equivalent on the given span to a uniformly distributed 
load of 2 X 10,000=20,000 pounds. 

In the table, page 196, it is found that a 12 inch 30 pound channel will 
support a gross load of 20,500 pounds or a net load of 20,500—14 x 30=20.080 
poimds. The net safe load concentrated at the middle of the span will be 
one-half this or 10,040 poimds. 

The deflection produced by a uniformly distributed load of 20,500 pounds 
Is found from the coefficient given in the same table and page 177 to 

be ^1^=0.270" The deflection for the specified load concentrated, in the 
middle of the span is approximately 0-270 x 4 _. 0.2 16". 
See page 171. 

Example 4. Vertical Deflection. Required the deflection of a riveted 
girder 37 inches deep for a span of 35 feet and aflberstressof 14,000 pounds per 
square inch. 

Required deflection, see table, page 177, =— g-y— = 0.479". 

Example 5. Vertical Deflection. Required the deflection of an angle 
6 X 4 X Via" about an axis parallel to the short leg for a span of 14 feet and a 
flber stress of 16,000 poimds. 

3 244 
Required deflection, see table, pages 177 and 178, is ^^ M— i ge) ~^'^^''' 

Example 6. Vertical Deflection. Required the deflection of a 10 inch 
beam for a span of 18 feet with a flber stress of 11,000 pounds. 

Required deflection, see table, pages 177 and 178,= j^-^^-|-^j^jp= 0.369". 

Example 7. Lateral Deflection. Required the safe load on a 12 inch Sl^i 
pound beam for a span of 16 feet without any lateral support or bracing. 

Tabular load, page 189. =24.000 poimds. 

Ratio ^ngthof span ^Igx^g^gg^ 

Flange width 5 

Reduced safe load, page 178, 24,000x0.468=11,232 pounds. 
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BEAMS 
Maximum Bending Moments and Web Resistance 



Mu»ax 


d 




t 


V 


fb 


a 


R 


Maximum 
Bending 
Moment 


Depth 

of 
Beam 


Weight 

per 

Foot 


Thickness 

of 

Web 


Allowable 
Web 
Shear 


Allowable 

Buckling 

Resistance 


Min. 

End 

Bearing 


End 
Reaction 


Foot 
Pounds 


Inches 


Ponndfl 


Inches 


Pounds 


Pounds 
per Sq. In. 


Inches 


Pounds 


285300 


27 


83.0 


.424 


114480 


7970 


27.1 


34660 


328390 




115.0 


.750 


180000 


13460 


11.8 


96880 


320390 




110.0 


.688 


165120 


12960 


12.5 


84690 


312390 




105.0 


.625 


150000 


12350 


13.4 


73320 


264400 




loo.a 


.764 


180960 ' 


13490 


11.8 


96620 


256560 


24 


95.0 


.693 


166320 


13000 


12.5 


86610 


248710 




90.0 


.631 


151440 


12410 


13.3 


74410 


240870 




85.0 


.570 


136800 


11710 


14.5 


63410 


231920 




80.0 


.500 


1200q0 


10690 


16.5 


60780 


214220 




69.5 


.390 


93600 


8340 


22.8 


30910 ' 


155880 


21 


57.5 


.357 


74970 


8820 


18.6 


27540 


220750 




100.0 


.884 


176800 


15080 


8.3 


113320 


214210 




95.0 


.810 


162000 


14720 


8.6 


101370 


207680 




90.0 


.737 


147400 


14300 


9.0 


89690 


201140 


20 


85.0 


.663 


132600 


13780 


9.5 


77630 


195510 


mm^^ 


80.0 


.600 


120000 


13230 


10.1 


67460 


169170 




75.0 


.649 


129800 


13660 


9.6 


75380 


162640 




70.0 


.575 


115000 


12980 


10.4 


63420 


155930 




.65.0 


.500 


100000 


12080 


11.6 


51320 


186720 




90.0 


.807 


145260 


15140 


7.4 


97730 


180840 




85.0 


.725 


130600 


14700 


7.7 


85260 


174960 




80.0 


.644 


115920 


14160 


8.2 


72940 


169080 




75.0 


.562 


101160 


13450 


8.9 


60480 


136480 


18 


70.0 


.719 


129420 


14670 


7.8 


84350 


130590 




65.0 


.637 


114660 


14110 


8.3 


71890 


124710 




60.0 


,555 


99900 


13380 


9.0 


59420 


117860 




55.0 


.460 


82800 


12220 


10.2 


. 44980 


108620 




46.0 


.322 


67960 


9320 


14.8 


24020 


122890 




75.0 


.882 


132300 


16050 


6.6 


102660 


117980 




70.0 


.784 


117600 


15690 


6.8 


89160* 


113080 




65.0 


.686 


102900 


15210 


6.1 


75650 


108270 


f -^ 

b 


60.0 


.590 


88500 


14600 


6.5 


62440 


90850 


55.0 


.656 


98400 


15040 


6.2 


71530 


85940 


50.0 


.558 


83700 


14340 


6.7 


58020 


81040 




45.0 


.460 


69000 


13350 


7.6 


44620 


J78530 




.42^ 


.410' 


61500 


^12670 


8.1 


37660 


^^72020 




36.0 


.289 


43350 


'lOOlO 


11.2 


20970 
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BEAMS 
Maximum Bending Moments and Web Resistances 



1 = 

Mmax 


d 


t 


V 


fb 


a 


— J 

R 


Maximum 
Bending 
Moment 


Depth 

of 
Beam 


Weight 
_per 
Foot 


Thickness 

of 

Web 


Allowable 
Web 
Shear 


Allowable 

Buckling 

Resistance 


Min. 

End 

Bearing 


End 
Reaction 


Foot 
Pounds 


Inches 


Pounds 


Inches 


Pounds 


Pounds 
per Sq. In. 


Inches 


Pounds 


71330 




55.0 


.821 


98520 


16470 


4.3 


87890 


67410 




50.0 


.699 


83880 


16030 


4.5 


72830 


63490 




45.0 


.576 


69120 


15390 


4.8 


57620 


^59770 


12 


40.0 


.460 


55200 


14480 


5.3 


43300 


60730 




35.0 


.436 


62320 


14230 


5.4 


40330 


47960 




31.5 


.350 


42000 


13080 


6.2 


29710 


44350 




27.5 


.255 


30600 


10860 


8.1 


17990 


42320 




40.0 


.749 


74900 


16690 


3.5 


75010 


39050 




35.0 


.602 


60200 


16120 


3.7 


58220 


35780 


10 


30.0 


.455 


45500 


15190 


4.1 


41470 


32560 




25.0 


.310 


31000 


13410 


6.0 


24940 


30370 




22.0 


.232 


23200 


11540 


6.2 


16060 


33120 




35.0 


.732 


65880 


16870 


3.1 


71010 


30180 


9 


30.0 


.569 


51210 


16260 


3.3 


53200 


27240 




25.0 


.406 


36540 


16160 


3.7 


36390 


25160 




21.0 


.290 


26100 


13620 


4.4 


22710 


22810 




25.6 


.541 


43280 


16440 


2.9 


48920 


21500 




23.0 


.449 


35920 


15910 


3.0 


39290 


20190 


8 


20.6 


.357 


28560 


15120 


3.3 


29690 


18960 




18.0 


.270 


21600 


13870 


3.8 


20600 


19450 




17.5 


.210 


16800 


12400 


4.6 


14320 


16070 




20.0 


.458 


32060 


16350 


2.5 


39310 


14930 


7 


17.5 


.353 


24710 


15570 


2.7 


28850 


13800 




15.0 


.250 


17500 


14150 


3.2 


18580 


11640 




17.26 


.475 


28500 


16810 


2.1 


39930 


10660 


6 


14.75 


.352 


21120 


16050 


2.2 


28250 


9680 




12.25 


.230 


13800 


14480 


2.6 


16650 


10260 




17.0 


.380 


19000 


16720 


1.7 


30180 


8080 


5 


14.75 


.504 


25200 


17280 


1.6 


41370 


7260 




12.25 


.357 


17850 


16580 


1.8 


28120 


6450 




9.75 


.210 


10500 


14870 


2.1 


14830 


4760 




10.5 


.410 


16400 


17310 


1.3 


31940 


4500 


4 


9.5 


.337 


13480 


16940 


1.4 


25690 


4240 


8.5 


.263 


10520 


16360 


1.4 


19360 


3980 




7.5 


.190 


7600 


15360 


1.6 


13130 


2590 




7.5 


.361 


10830 


17560 


1.0 


26940 


2390 


3 


6.5 


.263 


7890 


17020 


1.0 


19020 


2210 




5.5 


.170 


5100 


15950 


1.1 


11530 
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CHANNELS 
Maximum Bending Moments and Web Resistances 



Mmax 


d 




t 


V 


fb 


a 


R 


Bending 
Moment 


Depth 

of 
Channel 


Weight 
Frot 


Thickness 

of 

Web 


Allowable 
Web 

Shear 


Allowable 

Buckling 

Resistance 


Min. 

End 

Bearing 


End 
Reaction 


Foot 
Pounds 


Inches 


Pounds 


Inches 


Pounds 


Pounds 
per Sq. In. 


Inches 


Pounds 


76490 
71590 
66680 
61780 
56880 
56570 


15 


55.0 
50.0 
45.0 
40.0 
35.0 
33.0 


.818 
.720 
.622 
.524 
.426 
.400 


122700 
108000 
93300 
78600 
63900 
60000 


16820 
15390 
14820 
14040 
12900 
12510 


5.7 
6.0 
6.4 
6.9 
7.9 
8.2 


93830 
80360 
66840 
53350 
39850 
36270 


64360 
60110 
65870 
53320 
51620 
48740 


13 


50.0 

45.0/ 

40.0 

37.0 

35.0 

32.0 


.791 
.678 
.565 
.497 
.452 
.376 


102830 
88140 
73450 
64610 
58760 
48750 


16160 
15680 
15020 
14470 
14020 
13000 


4.8 
5.0 
5.4 
5.7 
6.0 
6.8 . 


86250 
71760 
67260 
48540 
42770 
32900 


43760 
39840 
36920 
32000 
28470 


12 


40.0 
35.0 
30.0 
25.0 
20.5 


.768 
.636 
.513 
.390 
.280 


90960 
76320 
61560 
46800 
33600 


16260 
15730 
14950 
13670 
11570 


4.4 
4.6 
6.0 
6.8 

7.4 


80090 
65040 
49860 
34660 
21060 


30800 
27530 
24260 
20990 
17840 


10 


35.0 
30.0 
25.0 
20.0 
15.0 


.823 
.676 
.529 
.382 
.240 


82300 
67600 
52900 
38200 
24000 


16900 
16440 
15730 
14470 
11780 


3.4 
3.6 
3.9 
4.4 
6.0 


83430 
66670 
49910 
33160 
16970 


20950 
18010 
15070 
14020 


9 


25.0 
20.0 
15.0 
13.25 


.615 
.452 

.288 
.230 


55350 
40680 
25920 
20700 


16470 
15550 
13590 
12220 


3.2 
3.5 
4.4 
5.1 


68220 
40420 
22500 
16170 


15920 
14610 
13310 
12000 
10770 


8 


21.25 
18.75 
16.25 
13.75 
11.25 


.582 
.490 
.399 
.307 
.220 


46560 
39200 
31920 
24560 
17600 


16620 
16170 
16530 
14490 
12700 


2.8 
2.9 
3.2 
3.5 
4.3 


63200 
43580 
34070 
24460 
16370 


12640 

11490 

10350 

9210 

8030 


7 


19.75 
17.25 
14.75 
12.25 
9.75 


.633 
.528 
.423 
.318 
.210 


44310 
36960 
29610 
22260 
14700 


17090 
16700 
16130 
15190 
13230 


2.3 
2.4 
2.6 
2.9 
3.5 


66780 
46300 
35830 
26360 
14580 


8680 
7700 
6720 
5780 


6 


15.5 

13.0 

10.5 

8.0 


.563 
.440 
.318 
.200 


33780 
26400 
19080 
12000 


17150 
16640 
15730 
13810 


2.0 
2.1 
2.3 
2.8 


48280 
36610 
25010 
13810 


5550 
4730 
3960 


5 


11.5 
9.0 
6.5 


.477 
.330 
.190 


23850 

16500 

9500 


17180 
16380 
14450 


1.7 
1.8 
2.2 


38920 
26670 
13040 


3050 
2790 
2530 


4 


7.25 
6.25 
5.25 


.325 
.252 
.180 


13000 

10080 

7200 


16870 
16260 
15160 


1.4 
1.5 
1.6 


24670 
18430 
12270 


1840 
1640 
1450 


3 


6.0 
5.0 
4.0 


.362 
.264 
.170 


10860 
7920 
6100 


17560 
17030 
15940 


1.0 
1.0 
1.1 


27020 
19110 
11520 
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CARNEGIE STEEL COMPANY 



BEAMS 

Allowable Uniform Load in Thousands of Pounds 
Maximum Bending Stress, 16,000 Poimds per Square Inch 



Depth and Weight of Sections 



Feet 



G 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 

43 
44 
45 

46 

47 
48 

49 

50. 



83 
lbs. 



II 



229.0 



24 Inch 



115 
Ibe. 



860.0 

325:4 

291.9 

228.2 262.7 



207.5 
190.2 
1176.6 
163.0 
152.2 

142.6 
134.3 
126.8 
120.1 
114.1 

108.7 

103.7 

99.2i 

95.1 

91.3| 

87.8 
84.5! 
81.5 
78.7; 
76.1 

73.6 
71.3 
69.2 
67.1 
65.2 

63.4 
61.7 
60.1 
58.5 
57.1 

55.7 
54.3 

53.1; 
51.9 
50.7 

49.6 
48.6 
47.5 

46.61 
45. Gi 



238.8 
218.9 
202.1 
187.7 
175.1 

164.2 
154.5 
146.0 



110 
lbs. 



880.2 

284.8 
256.3 

233.0 
213.6 
197.2 
183.1 
170.9 

160.2 
150.8 
142.4 
138.3 134.9 



105 
lbs. 



300.0 



131.4 128.2 125.0 



126.1 
119.4 
114.2 
109.5 
105.1 

101.0 
97.3 
93.8 
90.6 
87.6 

84.7 
82.1 
79.6 
77.3 
75.1 

73.0 
71.0 
69.1 
67.4 
65.7 

64.1 
62.6 

61.1 
59.7 
58.4 

67.1 
55.9 
54.7 



53.6 
52.5 



277:7 

249.9 

227.2 
208.3 
192.2 
178.6 
166.6 

166.2 
147.0 
138.8 
131.5 



122.1 119.0 
116.5 113.6 
111.4108.7 
106.8;104.1 
102.5 100.0 



98.6 
94.9 
91.5 

88.4 
85.4 

82.7 
80.1 
77.7 
76.4 
73.2 

71.2 
69.3 
67.6 
66.7 
64.1 

62.5 
61.0 

59.6 
58.3 
67.0 

55.7 
54.1 
53.4 



52.3 
61.3 



96.1 
92.6 
89.3 
86.2 
83.3 

80.6 
78.1 
75.7 
73.5 
71.4 

69.4 
67.5 
65.8 
64.1 
62.6 

61.0 
59.5 

58.1 
56.8 
65.5 

54.3 
53.2 
52.1 



51.0 
50.0 



100 
lbs. 



861.9 



352:6 

302.2 
264.4 
236.0 
211.5 

192.3 
176.3 
162.7 
151.1 
141.0 

132.2 
124.4 
117.5 
111.3 
105.8 

100.7 
96.1 
92.0 
88.1 
84.6 

81.4 
78.3 
75.6 
72.9 
70.5 

68.2 
66.1 
64.1 
62.2 
60.4 

58.8 
67.2 
55.7 
54.2 
52.9 

51.6 
60.4 

49.2 
48.1 
47.0 

46.0 
45.0 
44.1 



43.2 
42.3 



05 
lbs. 



882.6 



266.6 
228.0 
206.2 

186.6 
171.0 
167.9 
146.6 
136.8 

128.3 
120.7 
114.0 
108.0 
102.6 

97.7 
93.3 
89.2 
85.5 
82.1 

78.9 
76.0 
73.3 
70.8 
68.4 

66.2 
64.1 
62.2 
60.4 
68.6 

67.0 
55.5 
54.0 
52.6 
61.3 

60.1 
48.9 

47.7 
46.6 
45.6 

44.6 
43.7 
42.8 



41 

41 



00 
lbs. 



802.9 



284:2 
248.7 
221.1 
199.0 

180.9 
165.8 
153.1 
142.1 
132.6 

124.4 
117.0 
110.5 
104.7 
99.6 

94.7 
90.4 
86.5 
82.9 
79.6 

76.5 
73.7 
71.1 
68.6 
66.3 

64.2 
62.2 
60.3 
58.5 
56.8 

55.3 
53.8 
52.4 
51.0 
49.7 



48 
47 

46 
45 
44 

43.3 
42.3 
41.5 



85 
lbs. 



40.6 
39.8 



273.6 



250:9 
214.1 
192.7 

176.2 
160.6 
148.2 
137.6 
128.6 

120.4 

113.4 

107.1 

101.4 

96.3 

91.8 
87.6 
83.8 
80.3 
77.1 

74.1 
71.4 
68.8 
66.4 
64.2 

62.2 
60.2 
58.4 
56.7 
55.1 

63.5 
52.1 
60.7 
49.4 

48.2 

47.0 
45.9 

44.8 
43.8 
42.8 

41.9 
41.0 
40.1 

"39!"3 
38.5 



80 
lbs. 



240.0 



206.1 
186.6 

168.7 
164.6 
142.7 
132.5 
123.7 

116.0 

109.1 

103.1 

97.6 

92.8 

88.3 
84.3 
80.7 
77.3 
74.2 

71.4 
68.7 
66.3 
64.0 
61.8 

69.8 
68.0 
56.2 
54.6 
63.0 

61.6 
60.1 
48.8 
47.6 
46.4 

46.3 
44.2 

43.1 
42.2 
41.2 

40.3 
39.5 
38.7 



37.9 
37.1 



60% 
lbs. 



187.2 



S 



a 

Q 



21In. , J's'i 



57% 
lbs. 



171:4 

165.8 
142.8 
131.8 
122.4 
114.3 

107.1 
100.8 

95.2 
90.2 
85.7 

81.6 
77.9 
74.6 
71.4 
68.6 

66.9 
63.5 
61.2 
59.1 
67.1 

65.3 
53.6 
51.9 
50.4 
49.0 

47.6 
46.3 
45.1 
43.9 

42.8 

41.8' 
40.8 

39.9 
38.9 
38.1 

37.3 
36.6 
35.7 



36.0i 
34.3 



160.0 , 
ISO 
124.7 

113.4 

103.9 

96.9 

89.1 

83.1 

77.9 
73.4 
69.3 
65.6 
62.4 

69.4! 
66.7 
64.2 
62.0 
49.9 

48.0 
46.2 
44.5 
43.0 
41.6 

40.2' 
39.0 
37.8 
36.7 
35.6 

34.6 
33.7 
32.8 
32.0 
31.2 

30.4' 
29.7; 



29.0 
28.3 



0.60 
0.81 
1.06 
1.34 
1.66 

2.00 
2.38 
2.80 
3.24 
3.72 

4.24 

4.78 
6.36 
5.98 
6.62 

7.30 
8.01 
8.76 
9.53 
10.35 

11.19 
12.07 
12.98 
13.92 
14.90 

15.91 
16.95 
18.03 
19.13 
20.28 

21.45 
22.66 
23.90 
25.18 
20.48 

27.82 
29.20 

30.60 
32.04 
33.52 

35.02 
36.56 
38.14 

39.74 
41.38 



Loads above upper horisontal lines will produce maximum allowable shear in webs. 
Ix)ads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 182. 
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BBAM SAFB LOADS 



BEAMS 
Allowable Uniform Load in Thousands of Pounds 

Maximum Bending Stress, 16,000 Pounds per Square Inch 







Depth and Weight of Sections 


-•* 


Spaii 











in 


20 Inch 


18 Inch 


■«««■§ 


Feet 


100 


95 


00 


8^ 


80 


76 


70 


65 


00 


85 


80 


75 


H 




Iba. 


Ibi. 


Ibe. 


Ibe. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 






sa.e 






1 














• 






6 
























0.41 




294.3 
252.3 


8M.0 
244.8 


2M.8 
237.7 


96S.3 


240.0 


2S9.6 


aw.o 


90O.O 

176.2 


J9h^ 


9W.0 


m.s 


202.8 




6 


225.(j 
193.3 


216.8 
185.9 


^4^.0241.1 
213.4^06.7 


0.60 


7 


2'2^,i 


223.4 


^00.0 


193.2 


0.81 


8 


220.7 


214.2 


207.7 


201.1 


195.5 


169.2 


162.61155.9 


186.7 


180.8 


176.0 


169.1 


1.00 


9 


196.2 


190.4 


184.6 


178.8 


173.8 


160.4 


144.6 


138.6 


166.0 


160.7 


165.6 


160.3 


1.34 


10 


176.6 


171.4 


166.1 


160.9 


156.4 


136.3 


130.1 


124.7 


149.4 


144.7 


140.0 


136.3 


1.60 


11 


160.5 


155.8 


151.0 


146.3 


142.2 


123.0 


118.3 


113.4 


135.8 


131.6 


127.2 


123.0 


?.00 


12 


147.2 


142.8 


138.5 


134.1 


130.3 


112.8 


108.4 


104.0 


124.5 


120.6 


116.6 


112.7 


2.38 


13 


135.8 


131.8 


127.8 


123.8 


120.3 


104.1 


100.1 


96.0 


114.9 


111.3 


107.7 


104.1 


2.80 


14 


126.1 


122.4 


118.7 


114.9 


111.7 


96.7 


92.9 


89.1 


106.7 


103.3 


100.0 


96.6 


3.24 


15 


117.7 


114.^ 


110.8 


107.3 


104.3 


90.2 


86.7 


83.2 


99.6 


96.4 


93.3 


90.2 


3.72 


16 


110.4 


107.1 


103.8 


100.6 


97.7 


84.6 


81.3 


78.0 


93.4 


00.4 


87.5 


84.5 


4.24 


17 


103.9 


100.8 


97.7 


94.1 


92.0 


79.6 


76.5 


73.4 


87.9 


85.1 


82.3 


79.6 


4.78 


18 


98.1 


95.2 


92.3 


89.4 


86.9 


76.3 


72.3 


69.3 


83.0 


80.4 


77.8 


75.1 


5.36 


10 


92.9 


90.2 


87.4 


84.7 


82.3 


71.2 


68.5 


65.7 


78.6 


76.1 


73.7 


71.2 


5.98 


20 


88.3 


85.7 


83.1 


80.6 


78.2 


67.7 


65.1 


62.4 


74.7 


72.3 


70.0 


67.6 


6.62 


21 


84.1 


81.6 


79.1 


76.6 


74.5 


64.4 


62.0 


69.4 


71.1 


68.9 


66.7 


64.4 


7.30 


22 


80.3 


77.9 


76.5 


73.1 


71.1 


61.6 


59.1 


56.7 


67.9 


65.8 


63.6 


61.5 


8.01 


23 


76.8 


74.5 


72.2 


70.0 


68.0 


68.8 


56.6 


54.2 


64.9 


62.9 


60.9 


68.8 


8.76 


24 


73.6 


71.4 


69.2 


67.0 


65.2 


66.4 


54.2 


52.0 


62.2 


60.3 


58.3 


66.4 


9.53 


25 


70.6 


68.5 


66.5 


64.4 


62.6 


64.1 


62.0 


49.9 


69.8 


57.9 


56.0 


64.1 


10.35 


26 


67.9 


65.9 


63.9 


61.9 


60.2 


62.1 


60.0 


48.0 


57.5 


55.6 


53.8 


52.0 


11.19 


27 


65.4 


63.5 


61.5 


69.6 


57.9 


50.1 


48.2 


46.2 


55.3 


53.6 


51.8 


60.1 


12.07 


28 


63.1 


61.2 


59.3 


57.5 


65.9 


48.3 


46.5 


44.6 


53.3 


61.7 


60.0 


48.3 


12.98 


29 


60.9 


59.1 


67.3 


65.5 


53.9 


46.7 


44.9 


43.0 


51.5 


49.9 


48.3 


46.6,13.92 


30 


58.9 


67.1 


65.4 


63.6 


52.1 


45.1 


43.4 


41.6 


49.8 


48.2 


46.7 


45.1 


14.90 


31 


57.0 


55.3 


63.6 


61.9 


50.5 


43.7 


42.0 


40.2 


48.2 


46.7 


45.2 


43.6 


15.91 


32 


55.2 


53.6 


51.9 


50.3 


48.9 


42.3 


40.7 


39.0 


46.7 


45.2 


43.7 


42.3 


16.95 


33 


53.5 


51.9 


50.4 


48.8 


47.4 


41.0 


39.4 


37.8 


45.3 


43.8 


42.4 


41.0 


18.03 


34 


51.9 


50.4 


48.9 


47.3 


46.0 


39.8 


38.3 


36.7 


43.9 


42.6 


41.2 


39.8 


19.13 


35 


50.5 


49.0 


47.6 


46.0 


44.7 


38.7 


37.2 


35.6 


42.7 


41.3 


40.0 


38.6 


20.28 


36 


49.1 

47.7 


47.6 
46.3 


46.2 
44.9 


44.7 
43.5 


43.4 
42.3 


37.6 
36.6 


36.1 
35.2 


34.7 
33.7 


41.5 


40.2 


38.9 


37.6' 


21.45 


37 


*40!4 


"39.i 


■37.8 


36.6' 


22.66 


38 


46.5 


45.1 


43.7 


42.3 


41.2 


35.6 


34.2 


32.8 


39.3 


38.1 


36.8 


35.6 


23.90 


39 


45.3 


43.9 


42.6 


41.3 


40.1 


34.7 


33.4 


32.0 










25.18 


40 


44.1 


42.8 


41.5 


40.2 


39.1 


33.8 


32.5 


31.2 










26.48 


41 


43.1 


41.8 


40.5 


39.2 


38.1 


33.0 


31.7 


30.4 


27.82 


42 


42.0' 


40.8 39.61 


38.3 


37.2 


32.2 


31.0 


29.7 










29.20 



Loads above upper horisontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive ddlections. 
For maiimnm safe loads, see page 188: 
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CARNEQIE STEEL COMPANY 



BEAMS 

Allowable Uniform Load in Thousands of Pounds 
Maximum Bending Stress, 16,000 Pounds per Square Inch 





Depth and Weight of Sections 


1 .i 


Span 
in 


18 Inch 


15 Inch 


CoeflSci 
of 
Deflect 


Feet 


70 


65 


60 


55 


46 


75 


70 


65 


60 


55 


50 


45 


42 




lbs. 


Ibe. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


IbR. 


lbs. 


lbs. 


lbs.. 






268.8 
21^.4 


229.8 
208.^ 


190.8 
199.^ 






264.6 


235.2 


206.8 




196.8 


167.4 

iST.S 


138.0 

129.7 




4 


245.8 
196.6 


177.0 


181.'7 
145.4 


0.27 


5 


188.8180.9173.2 


0.41 




182.0 


174.1 




185.6 




163.8 


157.3160.8144.4121.1 


114.6 


108.1 


128.0 
I04.8 




6 


166.3 


i57.1 


0.60 


7 


156.0 


149.2,142.5134.7 


116.9 


140.4134.8!l29.2;i23.7lG3.8 


98.2 


92.689.8 


0.81 


8 
9 


136.5 
121.3 


130.6124.7117.9108.6 122.9118.0113.1 
116.1 110.9;104.896.6!l09.2 104.9|100.5 


108.3 
96.2 


90.8 
80.8 


86.9 
76.4 


81.078.5 
72.069.8 


1.06 
1.34 


10 


109.2 


104.5 


99.8 


94.3)86.9 
85.779.0 


98.3 


94.4 


90.5 


86.6 


72.7 


68.8 


64.8 


62.8 


1.66 


11 


99.3 


95.0 


90.7 


89.4 


85.8 


82.2 


78.7 


66.1 


62.6 


68.9 


57.1 


2.00 


12 


91.0 


87.1 


83.1 


78.672.4 


81.9 


78.7 


75.4 


72.2 


60.6 


57.3 


54.0 


52.4 


2.38 


13 


84.0 


80.4 


76.7 


72.566.8 


75.6 


72.6 


69.6 


66.6 


55.9 


62.9 


49.9 


48.3 


2.80 


14 


78.0 


74.6 


71.3 


67.362.1 


70.2 


67.4 


64.6 


61.9 


61.9 


49*1 


46.3 


44.9 


3.24 


15 


72.8 


69.6 


66.5 


62.9 


57.9 


65.5 


62.9 


60.3 


67.7 


48.6 


45.8 


43.2 


3.72 


16 


68.2 


65.3 


62.4 


58.9 


04.o 


61.4 


69.0 


66.5 


64.1 


45.4 


43.0 


40.5 


39.3 


4.24 


17 


64.2 


61.5 


58.7 


55.5|51.1 


57.8 


65.5 


63.2 


60.9 


42.8 


40.4 


38.1 


37.0 


4.78 


18 


60.7 


58.0 


65.4 


52.448.3 


54.6 


52.4 


60.3 


48.1 


40.4 


38.2 


36.0 


34.9 


5.36 


19 


57.5 


55.0 


52.5 


49.645.7 


61.7 


49.7 


47.6 


45.6 


38.3 


36.2 


34.1 


33.1 


5.98 


20 


54.6 


52.2 


49.9 


47.1 


43.4 


49.2 


47.2 


45.2 


43.3 


36.3 

* 


34.4 


32.4 


31.4 


6.62 


21 


52.0 


49.7 


47.6 


44.9 


41.4 


46.8 


44,9 


43.1 


41.2 


34.6 


32.7 


30.9 


29.9 


7.30 


22 


49.6 


47.5 


45.3 


42.939.5i 


44.7 


42.9 


41.1 


39.4 


33.0 


31.3 


29.5 


28.6 


8.01 


23 


47.5 


46.4 


43.4 


41.037.8 


42.7 


41.0 


39.3 


37.7 


31.6 


29.9 


28.2 


27.3 


8.76 


24 


45.5 


43.5 


41.6 


39.336.2 


41.0 


39.3 


37.7 


36.1 


30.3 


28.6 


27.0 


26.2 


, 9.53 


25 


43.7 


41.8 


39.9 


37.7 


34.8 


39.3 


37.8 


36.2 


34.6 


29.1 


27.5 


26.9 


26.1 


10.35 


26 


42.0 


40.2 


38.4 


36.3 


33.4 


37.8 


36.3 


34.8 


33.3 


28.0 


26.4 


24.9 


24.2 


11.19 


27 


40.4 


38.7 


37.0 


34.932.2 


36,4 


35.0 


33.6 


32.1 


26.9 


25.5 


24.0 


23.3 


12.07 


28 


39.0 


37.3 


35.6 


33.731.0 


35.1 


33.7 


32.3 


30.9 


26.0 


24.6 


23.2 


22.4 


12.98 


29 


37.6 


36.0 


34.4 


32.530.0 


33.9 


32.5 


31.2 


29.9 


25.1 


23.7 


22.4 


21.7 


13.92 


30 


36.4 


34.8 


33.3 


31.4.29.0 
30.428.0 


32.8 


31.5 


30.2 


28.9 


24.2 


22.9 


21.6 


20.9 


,14.90 


31 


36.2 


33.7 


32.2 


31.7 


30.4 


29.2 


27.9 


23.4 


22.2 


20.9 


20.3 


15.91 


32 


34.1 


32.6 


31.2 


29.527.2 


30.7 


29.5 


28.3 


27.1 


22.7 


21.5,20.3 


19.6 


16.95 


33 


33.1 


31.7 


30.2 


28.6 


26.3 


















18.03 


34 


32.1 


30.7 


29.3 


27.7 


25.6 


















19.13 


35 


31.2 


29.8 


28.5 


26.9 


24.8 


















20.28 


36 


30.3 


29.0 


27.7 


26.2 


24.1 


















21.45 


37 . 


29.5 


28.2| 27.0 


25.5 


23.5 


'22.66 


38 


28.7 


27.6 


126.3 


24.8 


I22.9 
















123.90 



J^oads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximnm safe loads, see page 188. 
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BEAM SAFE LOADS 



BEAMS 



AiiLOWABLB Uniform Load in Thousands op Pounds 
Maximum Bending Stress, 16,000 Pounds Per Square Incli 



Span 
in 


Depth and Weight of Sectiona 


•efficient 

of 
^tion 


15ln. 


12 Inch 


10 Inch 


Feet 


























36 


65 


60 


45 


40 


35 


3IV2 


27y2 


40 


35 


30 


25 


22 


6 aj 




lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 




1 




197 X) 


167.8 


188.2 


110.4 


104.6 
101.^ 


84.0 




149.8 


120.4 


91.0 
71.6 


62.0 






3 1 


190.2 
142.7 


112.8 
84.6 


104.1 

78.1 


0.16 


4 i 


134.8 


127'.0 


0.27 


5 




114.1 


107.9 


101.6 


95.6 


81.2 


'76.7' 


61.2 


67.7 


62.5 


67.2 


52.1 


46.4 


0.41 


6 


86.7 


95.1 


89.9 


84.7 


79.7 


67.6 


63.9 


59.1 


56.4 


62.1 


47.7 


43.4 


40.5 


0.60 


7 


iJ2.3 


81.5 


77.0 


72.6 


68.3 


58.0 


54.8 


50.7 


48.4 


44.6 


40.9 


37.2 


34.7 


0.81 


8 


72.0 


71.3 


67.4 


63.5 


59.8 


50.7 


48.0 


44.4 


42.3 


39.0 


35.8 


32.6 


30.4 


1.06 


9 


64.0 


63.4 


59.9 


56.4 


53.1 


45.1 


42.6 


39.4 


37.6 


34.7 


31.8 


28.9 


27.0 


1.34 


10 


57.6 


57.1 


53.9 


50.8 


47.8 


40.6 


38.4 


35.5 


33.9 


31.2 


28.6 


26.0 


24.3 


1.66 


11 


52.4 


51.9 


49.0 


46.2 


43.5 


36.9 


34.9 


32.3 


30.8 


28.4 


26.0 


23.7 


22.1 


2.00 


12 


48.0 


47.6 


44.9 


42.3 


39.8 


33.8 


32.0 


29.6 


28.2 


26.0 


23.9 


21.7 


20.2 


2.38 


13 


44;3 


43.9 


4il.5 


39.1 


36.8 


31.2 


29.5 


27.3 


26.0 


24.0 


22.0 


20.0 


18.7 


2.80 


14 


41.2 


40.8 


38.5 


36.3 


34.2 


29.0 


27.4 


26.3 


24.2 


22.3 


20.4 


18.6 


17.4 


3.24 


15 


38.4 


38.0 


36.0 


33.9 


31.9 


27.1 


25.6 


23.7 


22.6 


20.8 


19.1 


17.4 


16.2 


3.72 


16 


36.0 


35.7 


33.7 


31.7 


29.9 


25.4 


24.0 


22.2 


21.2 


19.6 


17.9 


16.3 


15.2 


4.24 


17 


33.9 


33.6 


31.7 


29.9 


28.1 


23.9 


22.6 


20.9 


19.9 


18.4 


16.8 


15.3 


14.3 


4.78 


18 


32.0 


31.7 


30.0 


28.2 


26.6 


22.5 


21.3 


19.7 


18.8 


17.4 


15.9 


14.5 


13.6 


5.36 


19 


30.3 


30.0 


28.4 


26.7 


25.2 


21.4 


20.2 


18.7 


17.8 


16.4 


15.1 


13.7 


12.8 


5.98 


20 


28.8 
27.4 


28.6 
27.2 


27.0 
25.7 


25.4 
24.2 


23.9 
22.8 


20.3 
19.3 


19.2 
18.3 


17.7 
16.9 


16.9 


15.6 


14.3 


13.0 


12.1 


6.62 


21 


16.1 


14.9 


13.6 


12.4 


11.6 


7.30 


22 


26.2 


25.9 


24.5 


23.1 


21.7 


18.4 


17.4 


16.1 


15.4 


14.2 


13.0 


11.8 


11.0 


8.01 


23 


25.1 


24.8 


23.4 


22.1 


20.8 


17.6 


16.7 


15.4 












8.76 


24 


24.0 
23.0 


23.8 


22.5 


21.2 


19.9 
19."l 


16.9 
16.2 


16.0 
16.3 


14.8 










9.53 


25 


22.8 


21.6 


20.3 


10.36 


26 


22.2 


21.9 


20.7 


19.5 


18.4 


15.6 


14.8 


13.6 




1 


1 


11.19 


27 


21.3 


























12.07 


28 


20.6 


























12.98 


29 


19.9 


























13.92 


30 


19.2 














' 












14.90 


31 


18.6 






1 


















15.91 


32 


18.0 
























16.96 



Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 184. 
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CARNEQIE STEEL COMPANY 



BEAMS 



Allowable Uniform Load in Thousands of Pounds 

Maximum Bending Stress, 16.000 Pounds per Square Inch 



Span 


DepUi and Weigbt of Sections 


-go 


in 


OInch 


8 Inch 


7 Inch 


g-3 
•3 8 


Feet 


35 
lbs. 


30 
lbs. 


25 
lbs. 


21 
Ibe. 


25% 
Ibe. 


23 

ibe. 


20V^ 
Ibe. 


18 
lbs. 


Ibe. 


20 
lbs. 


17M» 
ibe. 


15 
lbs. 


1« 




131.8 


102.4 


78.1 


52.2 

50.3 

40.3 


86.6 


718 


67 1 


48.2 


83.6 


64.1 


49.4 


86.0 




3 


88.3 
66.2 
53.0 


80.5 
60.4 
48.3 


n.6 

54.5 
43.6 


60.8 
45.6 
36.5 


5^.ii 

43.0 
34.4 


53.f^ 
40.4 
32.3 


41^.9 
32.1 
25.7 


34).ii 
29.9 
23.9 


0.15 


4 


37.6 
30.3 


22.1 


0.27 


5 


^1.1 


0.41 


6 

7 

8 

9 

10 


44.2 
37.9 
33.1 
29.4 
26.5 


40.2 
34.5 
30.2 
26.8 
24.1 


36.3 
31.1 
27.2 
24.2 
21.8 


33.6 
28.8 
25.2 
22.4 
20.1 


30.4 
26.1 
22.8 
20.3 
18.2 


28.7 
24.6 
21.5 
19.1 
17.2 


26.9 
23.1 
20.2 
18.0 
16.2 


25.3 
21.7 
19.0 
16.9 
15.2 


25.9 
22.2 
19.4 
17.3 
15.6 


21.4 
18.4 
16.1 
14.3 
12.9 


19.9 
17.1 
14.9 
13.3 
11.9 


18.4 
15.8 
13.8 
12.3 
11.0 


0.60 
0.81 
1.06 
1.34 
1.66 


11 
12 
13 
14 


24.1 
22.1 
20.4 
18.9 


22.0 
20.1 
18.6 
17.2 


19.8 
18.2 
16.8 
15.6 


18.3 
16.8 
15.5 
14.4 


16.6 
15.2 
14.0 
13.0 


15.6 
14.3 
13.2 
12.3 


14.7 
13.5 
12.4 
11.5 


13.8 
12.6 
11.7 
10.8 


14.1 
13.0 
12.0 
11.1 


11.7 

10.7 

9.9 

9.2 


10.9 

10.0 

9.2 

8.5 


10.0 
9.2 
8.5 
7.9 


2.00 
2.38 
2.80 
3.24 


15 


17.7 


16.1 


14.5 


13.4 


12.2 


11.5,10.8 


10.1 


10.4 


8.6 


8.0 


7.4 


3.72 


16 


16.6 

15.6 
14.7 


15.1 

14.2 
13.4 


13.6 

12.8 
12.1 


12.6 

11.8 
11.2 


11.4 


10.8 


10.1 


9.5 


9.7 


8.0 


7.5 


6.9 


4.24 


17 
18 


10.7 
10.1 


10.1 
9.6 


9.5 
9.0 


8.9 

8.4 


9.2 

8.6 


4.78 
5.36 


19 
20 


13.9 
13.3 


12.7 
12.1 


11.5 
10.9 


10.6 
10.1 






5.98 
6.62 



Span 


1 






Depth and Weight of Sections 








1 
1 

1 




in 


6 Inch 


5 Inch 4 Inch 

1 


1 3 Inch i 




Feet 


17y4 
Ibe. 


14% 

ibb. 


mi ! 

lbs. > 

1 


14% 
lbs. 


12V4 

lbs. 


9% ilOVa m 

Ibe. ! lbs. ' lbs. 

1 


8V2 
lbs. 

21.0 

16.9 

11.3 

8.5 

6.8 

5.6 

4.8 
4.2 

■3.8 
3.4 


7V2 
lbs. 


7\^ 
lbs. 


lbs. 


5^^ 
lbs. 


1 


67.0 


42.2 

21.3 
17.1 

14.2 

12.2 
10.7 

9.5 
8.5 

7.8 
7.1 


27.6 
55.^ 
19.4 
15.5 

12.9 

11.1 
9.7 

8.6 

7.7 

7.0 
6.5' 


60.4 


86.7 


21. 
17.i^ 
12.9 
10.3 

8.6 

7.4' 
6.4 

5./ 
5.2 


82.8 

19.0 

12.7 

9.6 

7.6 

6.3 

5.4 

4.8 

■4:2 

3.8 


27.0 

18.0 

12.0 

9.0 

7.2 

6.0 

5.1 
4.5 

'T.b 

3.6 


16.2 

iTi.6 
8.0 
6.4 

5.3 

4.5 
4.0 

■3V5I 
3.2 


21.7 

50.7 

10.4 

6.9 

5.2 

4.1 

3.5 


16.8 
9.6 
6.4 
4.8 
3.8 

3.2 


10.2 
8.8 
5.9 
4.4 
3.5 

2.9 


0.02 


2 
3 

4 
5 

6 


46.6 

31.0 

'23.3 

18.6 

15.5 

13.3 
11.6 

10.3 

! 9.3 

1 8.5 

7.8 


35.3 
21.5 
16.2 
12.9 

10.8 

9.2 

8.1 

7.2 
6.5 


29.1 
19.4 
14.5 
11.6 

9.7 

8.3 
7.3 

6.5 

5.8 


0.07 
0.15 
,0.27 
10.41 

0.60 


7 
8 

9 
10 


3.0 
2.6 


2.7 
2.4 


2.5 
2.2 


0.81 
1.06 

1.34 
1.66 


11 
12 


5.9 
5.4 


5.3 

4.8 


4.7 
4.3 

1 


ii 


2.00 
2.38 


13 
14 


7.2 
6.7 


6.6 
6.1 


6.0 
5.5 1 






2.80 
3.24 



Loads above upper horizontal lines will produce maximum allowable shear in webe. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 184. 
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CARNEQIE STEEL COMPANY 




BEAM SAPB LOADS 



CARNCQIE STEEL COMPANY 



MISCELLANEOUS BEAMS 

Allowable Uniform Load in Thousands of Pounds 
Maximum Bending Stress, 16,000 Pounds per Square Inch 

H BEAMS 



Span 

in 

Feet 


Depth and Weight of Sections 


Coeffici^its 


8 Inch 
34.0 PoiindH 


6 Inch 
23.8 Pounds 


5 Inch 
18.7 Pounds 


4 Inch 
13.6 Pounds 


of 
Deflection 




4 

eo.o 


87.6 


81.8 


26.0 




3 


19.0 
14.3 
11.4 

9.5 

8.1 
7.1 


0.15 


4 


^5.4 
20.3 

16.9 
14.5 
12.7 

11.3 
10.1 


0.27 


5 


32.1 

26.7 
22.9 
20.1 

17.8 
16.0 

14.6 
13.4 


0.41 


6 

7 
8 


51.3 
44.0 
38.5 

34.2 
30.8 

28.0 
25.6 

23.7 
22.0 
20.5 

19.2 


0.60 
0.81 
1.06 


9 
10 


6.3 
5.7 


1.34 
1.66 


11 
12 


9.2 
8.5 


2.00 
2.38 


13 
14 
15 

16 


12.3 
11.5 


2.80 
3.24 
3.72 

4.24 


17 
18 


is.i 

17.1 


4.78 
5.36 



CROSS TIE SECTIONS 



Span 

in 

Feet 


Depth and Weight of Sections 


Coefficients 


5.5 Inch 
20.0 Pounds 


4.25 Inch 
14.5 Pounds 


3 Inch 
9.5 Pounds 


of 
Deflection 




27.6 


21.8 


12.2 




3 


19.6 
14.7 
11.7 

9.8 

8.4 

7.3 
6.5 


8.9 
6.7 
5.3 

4.5 
3.8 


0.15 


4 
5 

6 

7 


26.0 
20.8 

17.3 
14.8 

13.0 
11.5 

10.4 

9.4 

8.7 


0.27 
0.41 

0.60 
0.81 


8 
9 


3.3 
3.0 


1.06 
1.34 


10 

11 
12 


5.9 
5.3 


1.66 

2.00 
2.38 


13 
14 


8.0 
7.4 


2.80 
3.24 



Ix)ads above upper horisontai lines will produce maximum allowable shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
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E 


;eam 


SAFE LOADS 




















CHANNFJ.R 






Allowable Uniform Load 


IN Thousands of Pounds 




Maximum Bending Stress, 16,000 Pounds per Square Incli 


Span 

in 

Feet 


Depth and Weight of Sections 


ll 


15 Inch 


13 Inch 


55 


50 


45 


40 


35 


33 


50 


45 


40 


37 


35 


32 




lbs. 


lbs. 


lbs. 


lbs. 


Ibe. 


Ibe. 


Ibe. 


Ibe. 


Ibe. 


lbs. 


Ibe. 


lbs. 


^ 


3 

4 


246.4 


216.0 


186.6 


167.2 


127.8 


120.0 


206.7 


176.8 


146.9 


129.2 


U7.6 


97.6 


0.16 
0.27 


204.0 
153.0 


190.9 
143.2 


177.8 
133.4 


171.6 
128.7 


160.3 
120.2 


123.6 


113.8 


111.1 


111.7 


106.6 


103.2 


97.5 


5 


122.4 


114.6 


106.7 


98.9 


91.0 


88.9 


103.0 


96.2 


89.4 


86.3 


82.6 


78.0 


0.41 


6 


102.0 


95.4 


88.9 


82.4 


75.8 


74.1 


85.8 


80.2 


74.5 


71.1 


68.8 


66.0 


0.60 


7 


87.4 


81.8 


76.2 


70.6 


65.0 


63.5 


73.6 


68.7 


63.8 


60.9 


59.0 


65.7 


0.81 


8 


76.5 


71.6 


66.7 


61.8 


56.9 


55.6 


64.4 


60.1 


55.9 


63.3 


51.6 


48.7 


1.06 


9 


68.0 


63.6 


59.3 


54.9 


50.6 


49.4 


57.2 


53.4 


49.7 


47.4 


45.9 


43.3 


1.34 


10 


61.2 


57.3 


53.3 


49.4 


46.5 


44.5 


51.6 


48.1 


44.7 


42.7 


41.3 


39.0 


1.66 


11 


65.6 


52.1 


48.5 


44.9 


41.4 


40.4 


46.8 


43.7 


40.6 


38.8 


37.5 


36.4 


2.00 


12 


51.0 


47.7 


44.5 


41.2 


37.9 


37.0 


42.9 


40.1 


37.2 


35.5 


34.4 


32.5 


2.38 


13 


47.1 


44.1 


41.0 


38.0 


35.0 


34.2 


39.6 


37.0 


34.4 


32.8 


31.8 


30.0 


2.80 


14 


43.7 


40.9 


38.1 


35.3 


32.5 


31.8 


36.8 


34.4 


31.9 


30.5 


29.5 


27.9 


3.24 


15 


40.8 


38.2 


35.6 


33.0 


30.3 


29.6 


34.3 


32.1 


29.8 


28.4 


27.5 


26.0 


3.72 


16 


38.2 


35.8 


33.3 


30.9 


28.4 


27.8 


32.2 


30.1 


27.9 


26.7 


26.8 


24.4 


4.24 


17 


36.0 


33.7 


31.4 


29.1 


26.8 


26.1 


30.3 


28.3 


26.3 


25.1 


24.3 


22.9 


4.78 


18 


34.0 


31.8 


29.6 


27.5 


25.3 


24.7 


28.6 


26.7 


24.8 


23.7 


22.9 


21.7 


6.36 


19 


32.2 


30.1 


28.1 


26.0 


23.9 


23.4 


27.1 


25.3 


23.5 


22.4 


21.7 


20.6 


5.98 


20 


30.6 


28.6 


26.7 


24.7 


22.8 


22.3 


25.7 


24.0 


22.3 


21.3 


20.6 


19.5 


6.62 


21 


29.1 


27.3 


25.4 


23.6 


21.7 


21.2 


24.5 


22.9 


21.3 


20.3 


19.7 


18.6 


7.30 


22 


27.8 


26.0 


24.3 


22.5 


20.7 


20.2 


23.4 


21.9 


20.3 


19.4 


18.8 


17.7 


8.01 


23 


26.6 


24.9 


23.2 


21.5 


19.8 


19.3 


22.4 


20.9 


19.4 


18.5 


18.0 


17.0 


8.76 


24 


25.5 


23.9 


22.2 


20.6 


19.0 


18.5 


21.5 


20.0 


18.6 


17.8 


17.2 


16.2 


9.53 


25 


24.5 


22.9 


21.3 


19.8 


18.2 


17.8 


20.6 


19.2 


, 17.9 


17.1 


16.6 


15.6 


10.35 


26 
27 


23.6 
22.7 


22.0 
21.2 


20.5 
19.8 


19.0 
18.3 


17.6 
16.9 


17.1 
16.5 


19.8 


18.6 


17.2 


16.4 


16.9 


15.0 


11.19 
12.07 


19.1 


17.8 


16.6 


15.8 


15.3 


14.4 


28 


21.9 


20.5 


19.1 


17.7 


16.3 


15.9 


18.4 


17.2 


16.0 


15.2 


14.7 


13.9 


12.98 


29 


21.1 


19.7 


18.4 


17.0 


15.7 


15.3 














13.92 


30 
31 


20.4 
19.7 


19.1 


17.8 


16.5 


16.2 


14.8 














14.90 
16.91 


18.6 


17.2 


16.9 


14.7 


14.3 


32 


19.1 


17.9 


16.7 


16.4 


14.2 


13.9 
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CARNBQIE STEEL COMPANY 



CHANNELS 

Allowablb Uniform Load in Thousands of Pounds 
Maximum Bending Stress, 16,000 Pounds per Square Inch 









Depth and Weight of Sections 








a S 


Span 

in 
Feet 




















.2} .2 1 


12 Inch 


10 Inch 


PI 

O 


40 
lbs. 


35 
Ibe. 


30 
lbs. 


25 
Ibe. 


20% 
lbs. 


35 

Ibe. 


30 
Ibe. 


25 
Ibe. 


20 
Ibe. 


15 

Ibe. 




181.9 


162.6 


128.1 


96.6 


67.2 


164.6 


185.2 


106.8 


76.4 


48.0 




2 


175.1 

116.7 

87.5 

70.0 


12S.2 
82.1 
61.6 
49.3 


110.1 
73.4 
55.1 
44.0 


dV.o 

64.7 
48.5 
38.8 


0.07 


3 


106.S 

79.7 
63.7 


dS.8 

71.8 
57.5 


S5.S 
64.0 
51.2 


56.0 
42.0 
33.6 


47.6 
35.7 
28.5 


0.15 


4 
5 


56.9 
45.5 


0.27 
0.41 


6 
7 
8 
9 
10 


58.4 
50.0 
43.8 
38.9 
36.0 


53.1 
45.5 
39.8 
35.4 
31.9 


47.9 
41.1 
35.9 
31.9 
28.7 


42.7 
36.6 
32.0 

28.4 
25.6 


38.0 
32.5 
28.5 
25.3 
22.8 


41.1 
35.2 
30.8 
27.4 
24.6 


36.7 
31.5 
27.5 
24.5 
22.0 


32.3 
27.7 
24.3 
21.6 
19.4 


28.0 
24.0 
21.0 
18.7 
16.8 


23.8 
20.4 
17.8 
15.9 
14.3 


0.60 
0.81 
1.06 
1.34 
1.66 


11 
12 
13 
14 
15 


31.8 
29.2 
26.9 
25.0 
23.3 


29.0 
26.6 
24.5 
22.8 
21.2 


26.1 
23.9 
22.1 
20.5 
19.2 


23.3 
21.3 
19.7 
18.3 
17.1 


20.7 
19.0 
17.5 
16.3 
15.2 


22.4 
20.5 
19.0 
17.6 
16.4 


20.0 
18.4 
16.9 
15.7 
14.7 


17.6 
16.2 
14.9 
13.9 
12.9 


15.3 
14.0 
12.9 
12.0 
11.2 


13.0 
11.9 
11.0 
10.2 
9.5 


2.00 
2.38 
2.80 
3.24 
3.72 


16 
17 
18 
19 
20 


21.9 
20.6 
19.5 
18.4 
17.5 

16.7 
15.9 
15.2 
14.6 


19.9 
18.7 
17.7 
16.8 
15.9 

15.2 
14.5 
13.9 
13.3 


18.0 
16.9 
16.0 
15.1 
14.4 

13.7 
13.1 
12.5 
12.0 


16.0 
15.1 
14.2 
13.5 
12.8 

12.2 
11.6 
11.1 
10.7 


14.2 
13.4 
12.7 
12.0 

11.4 

10.8 

10.4 

9.9 

9.5 


15.4 
14.5 
13.7 
13.0 
12.3 


13.8 
13.0 
12.2 
11.6 
11.0 


12.1 
11.4 
10.8 
10.2 
9.7 


10.5 
9.9 
9.3 

8.8 
8.4 


8.9 
8.4 
7.9 
7.5 
7.1 


4.24 
4.78 
5.36 
6.98 
6.62 


21 
22 
23 
24 


11.7 
11.2 


10.5 
10.0 


9.2 

8.8 


8.0 
7.6 


6.8 
6.5 


7.30 
8.01 
8.76 
9.53 


25 


14.0 


12.8 


11.5 


10.2 


9.1 


10.35 


26 


13.5 


12.3 


11.1 


9.8 


8.8 












11.19 



Loads above upper horizontal lines will produce maximum aIIowable>shear in webs. 
Loads below lower horizontal lines will produce excessive deflections. 
For maximum safe loads, see page 186. 
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BEAM SAFE LOADS 



CHANNELS 



Allowable Uniform Load in Thousands op Pounds 
Maximum Bending Stress, 16,000 Pounds per Square Inch 





Depth and Weight of Sections 


cient of 
ection 


Span 
in 


9 Inch 


8 Inch 


7 Inch 


Feet 


25 
Ibe. 


20 
lbs. 


15 

IbB. 


13V4 

ibe. 


21^4 

ibe. 


18% 
lbs. 


16U 
lbs. 


13% 
ibe. 


im 

lbs. 


1W4 
lbs. 


17^ 
Ibe. 


14% 
ibs. 


I2V4 
ibe. 


9% 
Ibe. 


F 




110.7 


81.4 
72.0 
48.0 
36.0 
28.8 

24.0 
20.6 
18.0 
16.0 
14.4 

13.1 
12.0 
11.1 
10.3 

9.6 

9.0 

8.5 
8.0 

"7.6 
7.2 


51.81 


41.4 


93.1 
63.7^ 
42.5 
31.8 
25.5 

21.2 
18.2 
15.9 
14.2 
12.7 

11.6 

10.6 

9.8 

9.1 

8.5 

8.0 

"7.'5 
7.1 


78.4 
5ii.5 
39.0 
29.2 
23.4 

19.5 
16.7 
14.6 
13.0 
11.7 

10.6 
9.7 
9.0 

8.4 

7.8 

7.3 

"6V9 
6.5 


68.8 
53.2 
35.5 
26.6 
21.3 

17.7 
15.2 
13.3 
11.8 
10.6 

9.7 
8.9 
8.2 
7.6 

7.1 

6.7 

"6.3 
5.9 


49.1 
48.0 
32.0 
24.0 
19.2 

16.0 
13.7 
12.0 
10.7 
9.6 

8.7 
8.0 
7.4 
6.9 

6.4 

6.0 

'■5."6 
5.3 


86.2 

21.5 
17.2 

14.4 

12.3 

10.8 

9.6 

8.6 

7.8 
7.2 
6.6 
6.2 

5.7 
6.4 

"K'i 

4.8 


S8S 

33.7 
25.3 
20.2 

16.9 
14.4 
12.6 
11.2 
10.1 

9.2 

8.4 
7.8 
7.2 


78.9 
46.0 
30.7 
23.0 
18.4 

16.3 
13.1 
11.5 
10.2 
9.2 

8.4 
7.7 
7.1 
6.6 


69.2 
41.4 
27.6 
20.7 
16.6 

13.8 

11.8 

10.4 

9.2 

8.3 

7.5 
6.9 
6.4 
5.9 


44.5 
36.^ 
24.6 
18.4 
14.7 

12.3 

10.5 

9.2 

8.2 

7.4 

6.7 
6.1 
5.7 
5.3 


29.4 
21.4 
16.1 
12.9 

10.7 
9.2 
8.0 
7.1 
6.4 

5.8 
5.4 
4.9 
4.6 




2 


S3.8 
55.9 
41.9 
33.5 

27.9 
23.9 
20.9 
18.6 
16.8 

15.2 
14.0 
12.9 
12.0 

11.2 

10.5 

9.9 
9.3 

""sis 

8.4 


0.07 


3 
4 
5 

6 

- 7 

8 

9 

10 

11 
12 
13 
14 


40.2 
30.1 
24.1 

20.1 
17.2 
15.1 
13.4 
12.1 

11.0 

10.1 

9.3 

8.6 

8.0 

7.5 

7.1 
6.7 

"6!3 
6.0 


37.4 
28.0 
22.4 

18.7 
16.0 
14.0 
12.5 
11.2 

10.2 
9.3 
8.6 
8.0 

7.5 

7.0 

6.6 
6.2 

"5.9 
6.6 


0.15 
0.27 
0.41 

0.60 
0.81 
1.06 
1.34 
1.66 

2.00 
2.38 
2.80 
3.24 


15 

16 

17 

18 

19 
20 


6.7 
6.3 


6.1 
5.7 


5.5 
5.2 


4.9 
4.6 


4.3 
4.0 


3.72 

4.24 

4.78 
5.36 

5.98 
6.62 





Depth and Weight of Sections 


■^i 


Span 
in 


6 Inch 


5 Inch 


4 Inch 


3 Inch 


M'i 


Feet 


15y2 
ibe. 


13 
lbs. 


IOV2 
Ibs. 


8 
lbs. 

24.0 

15.4 

11.6 

9.2 


IIV2 
Ibs. 

47.7 
44.4 
22.2 
14.8 
11.1 
8.9 


9 

lbs. 


6V2 
Ibs. 


7V4 

lbs, 


6V4 
Ibe. 


6V4 
Ibs. 

14.4 

10.1 

6.7 

5.1 

4.1 


6 
Ibs. 


5 

Ibs. 


4 
lbs. 




1 
2 
3 
4 
5 


67.6 
34.7' 
23.2 
17.4 
13.9 


52.8 

3b.S 

20.5 
15.4 
12.3 


88.2 
26.9 
17.9 
13.4 
10.8 


88.0 

1^.9 

12.6 

9.5 

7.6 


19.0 

15.8 

10.5 

7.9 

6.3 


26.0 

^4.4 

12.2 

8.1 

6.1 

4.9 


20.2 

11.1 

7.4 

5.6 

4.5 


21.7 

14.7 
7.4 
4.9 
3.7 
2.9 


15.8 
13.1 
6.6 
4.4 
3.3 
2.6 


10.2 

^.8 
3.9 
2.9 
2.3 


0.02 
0.07 
0.15 
0.27 
0.41 


6 


11.6 


10.3 


9.0 


7.7 


7.4 


6.3 


5.3 


4.1 


3.7 


3.4 


2.5 


2.2 


1.9 


0.60 


7 
8 


9.9 

8.7 


8.8 

7.7 


7.7 
6.7 


6.6 
5.8 


6.3 
5.5 


5.4 

4.7 


4.5 
4.0 


3.5 
3.0 


3.2 

2.8 


2.9 
2.5 


2.1 
1.8 


1.9 
1.6 


1.7 
1.5 


0.81 
1.06 


9 
10 


7.7 
6.9 


6.8 
6.2 


6.0 
5.4 


5.1 
4.6 


4.9 
4.4 


4.2 
3.8 


3.5 
3.2 


2.7 
2.4 


2.5 
2.2 


■"2.2 
2.0 








1.34 
1.66 


11 
12 


6.3 
5.8 


5.6 
5.1 


4.9 
4.5 


4.2 
3.9 


4.0 
3.7 


3.4 
3.2 


2.9 
2.6 














2.00 
2.38 


13 
14 


5.3 
5.0 


4.7 
4.4 


4.1 
3.8 


3.6 
3.3 












1 
1 








2.80 
3.24 



Loads above upper horizontal lines will produce maximum allowable shear in webs. 
Loads below Iowa: horusontal lines will produce excessive deflections. 
For maximum safe loads, see page 185. 
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CARNEOIE STEEL COMPANV 



BEAM SAFE LOADS 
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4 


2 


7.8 


4.27 


0.70 


6.1 


2 


IH 


3.09 


1.60 


0.36 


4.4 


4 


2 


6.7 


3.63 


0.59 


6.2 


VA 


2 


2.45 


2.03 


0.37 


5.5 


3H 


4 


12.6 


21.12 


1.90 


11.1 


IH 


IM 


1.25 


0.57 


0.15 


3.7 


3H 


4 


9.8 


16.53 


1.46 


11.3 


IH 


M 


0.88 


0.14 


0.07 


1.9 
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ZEES 



Allowable Uniform Load in Thousands of Pounds 



Neutral Axis Parallel to Flanges 

Maximum Bending Stress, 16,000 Pounds per Square Inch 



Sixe 


Weight 

per Foot, 

Pounds 


IFoot 
Span 


Maximum Span 
360 X Deflection 




Flanges, 
Inches 


Thickness, 
Inches 


Depth, 
lofihes 


Safe 
Load 


Safe 
Load 


Length, 
Feet 


6H 


SH 


H 


34.6 


174.93 


1.42 


12.3 


61V 


3A 


U 


32.0 


162.35 


1.33 


12.2 


6 


3H 


H 


29.4 


149.76 


1.24 


12.1 


en 


3H 


U 


28.1 


150.40 


1.22 


12.3 


6,V 


3A 


H 


25.4 


136.75 


1.12 


12.2 


6 


3H 


j% 


22.8 


123.20 


1.02 


12.1 


6H 


3M 


H 


21.1 


119.68 


0.97 


12.3 


6A 


3i\ 


/« 


18.4 


104.85 


0.86 


12.2 


6 


3H 


H 


15.7 


90.03 


0.75 


12.1 


5H 


3H 


U 


28.4 


119.47 


1.16 


10.3 


5A 


3A 


% 


26.0 


110.29 


1.08 10.2 


5 


3>i 


ik 


23.7 


101.01 


1.00 10.1 


5H 


3H 


% 


22.6 


102.08 


0.99 10.3 


6Ar 


3iV 


A 


20.2 


91.95 


0.90 


10.2 


5 


3M 


H 


17.9 


81.92 


0.81 


10.1 


5H 


3% 


A 


16.4 


79.36 


0.77 


10.3 


6A 


3A 


H 


14.0 


68.16 


0.67 


10.2 


6 


3>i 


A 


11.6 


56.96 


0.57 


10.1 


4H 


3A 


% 


23.0 


77.44 


0.93 


8.3 


4A 


3H 


W 


20.9 


70.93 


0.87 


8.2 


4 


3iV 


y% 


18.9 


64.53 


0.80 


8.1 


4H 


3A 


A 


18.0 


65.92 


0.79 


8.3 


4i\, 


3H 


H 


15.9 


58.67 


0.72 


3.2 


4 


3A 


A 


13.8 


51.52^ 


0.64 


8.1 


4H 


3A 


^ 


12.5 


49.81 


0.60 


8.3 


4A 


3H 


A 


10.3 


41.71 


0.51 


8.2 


4 


3i^, 


M 


8.2 


33.49 


0.41 


8.1 


3,^ 


2M 


A 


14.3 


36.59 


0.59 


6.2 


3 


2ii 


H 


12.6 


32.64 


0.54 


6.1 


3A 


2M 


A 


11.5 


31.79 


0.51 


6.2 


3 


21J 


H 


9.8 


27.41. 


0.45 


6.1 


3A 


25i 


A 


8.5 


25.39 


0.41 


6.2 


3 


2ii 


M 


6.7 


20.48 


0.34 


6.1 
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BEAM CONNECTIONS 



T- ■■*--'^i;*- -^ 



20/ 18^ 



6W' 15"2W' 



T"'' 






ZAmiUm AUxli^i'SW 2Aiiffl«. 4''x^x^"xl^^' 2Jin^im ^xAtLxH'-ll}^' 




12'' 




SivetB and botta^'ifiBm. 

lo;' 9r 8" 




?;' er 5" 




t Ancle. 4'UV^^U-llMf' 2Anffl«. 4"x4"x^;x0'-8^' 2 Angles 0''x4'i%"xOl6W 2Aiiffle«e"x4^x%"xO^S' 

Limiting Values of Beam Connections 



T T» 




Value of Web 
Connection 


Values of Outstanding Legs of Connection Angles 


^^** 


1 Beama 


Field Rivets 


Field Bolts 




Depth, 
Inches 


Weight 

Lbs. per 
Foot 


Shop Rivets 

in Enclosed 

Bearing, 

Pounds 


5^" Rivets or 

Turned Bolts, 

Single Shear, 

Pounds 


Min. Allow- 
able Span in 

Feet, 
Uniform Load 


l^n. 


%" Rough Bolte, 

Single Shear, 

Pounds 


Min. Allow- 
able Span in 

Feet, 
Uniform Load 


In. 


27 


83 
"80" 
69H 


66800 
67500 
62700 
40200 
45000 


61900 
53000 
53000 
44200 
35300 
35300 
35300 
35300 
35300 
26500 
26500 
17700 
17700 
17700 


18.4 


H 


49500 


23.1 


^ 


24 


17.6 
16.3 


1 


42400 
42400 


21.9 
20.2 


fl 


21 


57>^ 

65 

56 

46 

42 

36 


15.5 


35300 


17.6 


^ 


20 


17.6 


28300 
28300 
28300 
28300 
28300 


22.1 


% 


18 


41400 
29000 
36900 
26000 
23600 
17200 
27900 
20900 
26100 


13.3 

16.0 

8.9 

11.1 


16.7 
16.4 


Ps 


16 


11.1 
11.1 


H 


12 


31H 
27H 


8.1 
103 


21200 
21200 


9.0 
10.3 


^ 


10 


26 
22 

21 
18 
17^ 


7.4 
6.9 




14100 
14100 
14100 


9.2 
8.6 
7.1 


^ 


9 


5.7 


% 


8 


24300 
18900 
11300 


17700 

17700 

8800 


4.3 
4.4 


14100 
14100 


5.4 
6.6 




7 


16 
12^ 


6.2 


7100 


7.8 


% 


6 


10400 


- 8800 
8800 


4.4 


% 


7100 


5.5 


% 


5 


W4, 


9500 


2.9 


% 


7100 


3.6 


% 



Allowable Unit Stress in Pounds per Square Inch 



flfn<riol RJ^e*" Shop 12000 

QWr Rivets and Turned Bolts... Field 10000 



Bearing 



Rivets— enclosed Shop 30000 

Rivets — one side Shop 24000 

Rivets and Turned Bolts, Field 20000 
Rough Bolts Field 16000 



t=:Web thickness, in bearing, to develop max. allowable reactions, when beams frame opposite. 

Connections are figured for bearing and shear (no moment considered). 

The above values agree with tests made on beams under ordinary conditions of use. 

Where web is enclosed between connection angles (enclosed bearing), values are greater because 
of the increased efficiency due to friction and grip. 

Special connections shall be used when any of the limiting conditions given above are exceeded — 
such as end reaction from loaded beam being greater than value of connection; shorter span with 
beam fully loaded; or a less thickness of web when maximum allowable reactions are used. 
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BEAM SEPARATORS 



AMERICAN BSIDQIS COUPANT BTANDABD 



Beams 


Sepuator 


%" Bolts 












S 


Weight 

per Foot, 

Pounds 


Center to Center 
of Beams, Inches 


it to Out 
Dges, Inches 


Dimensions 


OQ 


96 in Weight 
Add. Width 


1 


ht, Pounds 
ead and Nut 


se in Weight 
Add. Length 




1 


w 


h 


d 


t 


Diagrama 








In. 


In. 


In. 


Tn 


•^ 

^ 


2« 1-H 




CO V 




24 


115-110-105 


85i 


16M 


8 


20 


12 


H 


31 


3.6 


lOH 


3.4 


0.25 






100 


8 


15H 


7H 


20 


12 


% 


28 


3.6 


10 


3.2 


0.25 




?A 


95 and 90 


8 


15H 


7H 


20 


12 


^ 


28 


3.6 


10 


3.2 


0.26 






85 


8 


15^ 


7H 


20 


12 


«/^ 


29 


3.6 


^H 


3.1 


0.25 






80 


8 


15 


7H 


20 


12 


Ks 


29 


3.6 


9M 


3.1 


0.25 






100 and 95 


8 


15 K 


V 


16 


12 


% 


22 


2.9 


10 


3.2 


0.26 






* 
1 


20 


90 


7H 


14^ 


6»4 


16 


12 


% 


22 


2.9 


9H 


3.1 


0.26 


k 


1—1 






85 and 80 


7K2 


14H 


6M 


16 


12 


% 


22 


2.9 


9 


3.0 


0.25 


n^ 









1 
1 




75 


7H 


14 


6*4 


16 


12 


Vs 


22 


2.9 


9 


3.0 


0.25 


^ 


1 


... , 




1 


20 


70 


7 


13^ 


6H 


16 


12 


Vh 


21 


2.9 


9 


3.0 


0.26 


r 


1 

1 


1 — 1 




1 




65 
90 


7 
8 


13M 
15^ 


6H 

7 


16 
14 


12 
9 


'A 
% 


21 
20 


2.9 
2.5 


10 


3.0 
3.2 


0.25 
0.25 


H{6 


1 r-*? 


1 

1 


18 


85 and 80 


8 


15H 


7K 


14 


9 


Vh 


21 


2.5 


10 


3.2 


0.25 


1 




1 




75 


8 


15 


7M 


14 


9 


Vs 


21 


2.5 


10 


3.2 


0.25 


^ 


1 
1 






1 
1 




70 and 65 


7 


13^ 


6K 


14 


9 


% 


18 


2.6 


9 


3.0 


0.25 


^-- 


_i- 


— 


^_ 


1 


18 


60 


7 


13^ 


6H 


14 


9 


% 


19 


2.5 


8J^ 


3.0 


0.25 


^ 








1 
1 




55 


7 


13 


63^ 


14 


9 


% 


19 


2.5 


8M 


3.0 


0.25 


'T.! 




1 

! 

• 




75 


7 


13H' 


6 


11 


7^ 


H 


12 


1.6 


9 


3.0 


0.25 


. i i ! 


15 


70 and 65 


7 


13Ji 


6M 


11 


7^ 


Yi 


12 


1.6 


9 


3.0 


0.25 






60 


6M 


12H 


5M 


11 


7H 


Yi 


11 


1.6 


8 


2.7 


0.25 


1^4 




65 


6H 


12^ 


5% 


11 


7H 


M 


11 


1.6 


8 


2.7 


0.25 


K" Cored Holes 


15 


50 and 45 


6H 


12^ 


6 


11 


7H 


Yt, 


12 


1.6 


8 


2.7 


0.26 






42 


6H 


12 


6 


11 


7H 


Yi 


12 


1.6 


8 


2.7 


0.25 




12 


55 


6 


WVat 


5M 


884 


5 


H 


9 


1.3 


8 


2.7 


0.26 




60 


6 


im 


5M 


8M 


5 


H 


9 


1.3 


8 


2.7 


0.25 






45 


6 


iiM 


6k 


SH 


5 


Y^ 


9 


1.3 


7J^ 


2.6 


0.26 




12 


40 and 35 


6 


11^ 


5^ 


SH 


5 


Yi 


9 


1.3 


7Y2 


2.6 


0.26 






31.5 


6 


11 


6M 


m 


6 


Yt. 


9 


1.3 


7Y2 
7H 


2.6 
1.3 


0.25 
0.13 






40 


6^ 


lOK 


4^ 


7H 




Yt 


6 


1.1 




10 


35 


5J^ 


lOH 


4M 


7H 




Yi 


6 


1.1 


7 


1.3 


0.13 




30 


5H 


lOH 


6 


7H 




Yi 


7 


1.1 


7 


1.3 


0.13 






26 


6H 


10 


5 


7M 




H 


.7 


1.1 


7 


1.3 


0.133 


X iW 




35 


6 


10 


4k 


6H 




^ 


5 


0.9 


7 


1.3 


0.13 


Th n 




30 


5 


9H 

9H 


4M 
4V^ 


6H 
6H 




H 
M 


6 


9 


6H 


1 2 


O.IH 


9 


25 


5 




5 


0.9 


6H 


1.2 


0.13 


I. 


• 1 
1 1 
1 1 


f 




21 


5 


9M 


4M 


6H 




Yi 


6 


0.9 


6>^ 


1.2 


0.13 














25.5 


4H 


9 


4 


61^ 




H 


4 


0.8 


6 


1.1 


0.13 


^— 







- 


Jti 


8 


23 


4H 


SH 


4 


5^ 




Yi 


4 


0.8 


6 


1.1 


0.13 


nL'\ 








1 
1 




20.6 and 18 
20 


4>4 
4H 


sy2 

8H 


4 
4 


5M 
5 




Yi 


4 

4 


0.8 
0.7 


6 
6 


1.1 
1.1 


0.13 
0.13 






1 




' i 1 






7 


17.6 


4H 


8M 


4 


5 




Yi 


4 


0.7 


6 


1.1 


0.13. 


'^*-,v*/' '■*— --w- -.; 




15 


4H 


8M 


4M 


6 




H 


4 


0.7 


6 


1.1 


0.13 


1%. 




17.25 


4 


7H 


3V^ 


4H 




H 


4 


0.6 


5H 


1.1 


0.13 


K" Cored Hole 


6 


14.75 


4 


7H 


3 Mi 


4^ 




Yi 


4 


0.6 


SM 


1.1 


0.13 






12.26 


4 


7M3^ 


4H 




Yi 


4 


0.6 


51^11.1 


0.13 





For 5", 4" and 3" beams, use I" gas pipe 3k". 3" and 2%" long respectively. 
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TIE RODS AND ANCHORS 






H INCH TIB RODS 













WeERhta include tw 
















CtoC. 


Ledfth 


Weight 


CtoC 


Length Weight 'C. to c'LeDglb 


Weight 


CtoC 


Lawlh' Weight 


Ft.-In. 


Ft.-lB. 


Pounds 


Ft.-In. 


n.-In. Pounda 


Ft.-In. 


Fl,-In. 


PoimdB 


Ft^In. 


Ft^In. PouDd) 


1-0 


1-3 


?3<l 


1-a 


l-« 


f.m 


1-e 


1-0 


anji 


1-9 


^-n 


3.42 






























^ 




3-0 


3-3 


f 


H(l 




■^n 


fi 


•17 




;i-H 




:w 


3-9 


4-0 




^li 




4^1 










; 






4-0 


; 








7 


«S 




6-3 






















5-9 










<V-3 


1 




H-3 


H-rt 


ir 


17 


6-8 






'ift 


6-0 


7-0 






7-0 


7-;i 




sr) 


7^1 


7-n 




W 


7-6 


7-!> 


r; 


1,'i 


7-9 




IV 


42 


8-0 


8-3 


llf 








13 






8-9 


13 




8-9 









Weght include. N 


t 


DiiUDEter 


L««th 


Wdght 


l»ha 


FMt-lDeh« 


FouDds 


IJi 


u 


2:3 




Bdilt-Ik Amcbob BobTB 



Ji'Rod l'e"loiw, Wt.SI 
Ah<jlb AHOHoa 



CARNEQIE STEEL COMPANY 



BEARING PLATES 

The size and thickness of steel bearing plates depend on the end 
reaction, length of bearing, and unit pressure. The following table 
gives sizes for beams of usual spans, the allowable safe loads in thousands 
of pounds and the span of beams giving equivalent end reactions. 

Standard Bearing Plates 



Beam 


Wall Bearing, 
Inches 


Bearing Plate 


Lim. 
Span 

Sf 
Beam, 

Ft. 


Beam 


Wall Bearing, 
Inches 


Bearing Plate 


Lim. 


Depth, 
Tn. 


Wt., 
Lbs. 


Sixe, 
In. 


Wt., 
Lbs. 


Max. 
Safe 
Load 


Depth, 
In. 


Wt., 
Lbs. 


Sise, 
In. 


Wt., 
Lbs. 


Mu. 

Safe 

Load 


Span 

of 
Beam, 

Ft. 


27 
24 
21 
20 
18 
16 
16 
12 


83 

80 

67.50 

65 

66 

60 

42 

31.60 


16 
16 
16 
16 
16 
16 
12 
12 


16x16x1 
16x16x1 
16x16x1 
16x16x1 
16x16x1 
16x16x1 
16xl2x 1 
12xl2x^ 


73 
73 
73 
73 
73 
73 
66 
31 


40.2 
37.9 
35.9 
36.0 
34.1 
34.1 
24.4 
20.6 


28.4 
24.6 
17.4 
17.8 
13.8 
12.6 
12.9 
9.3 


10 
9 
8 
7 
6 
6 
4 
3 


26 

21 

18 

16 

12.26 
9.76 
7.60 
5.60 


8 
8 
8 
8 
6 
6 
4 
4 


12x8x5^ 
12x8x^ 
8x8x^ 
8x8x^ 
6x6xH 
6x6xH 
4x4x^ 
4x4x^ 


21 

17 

12 

12 

6 

6 

2 

2 


13.1 

8.7 

16.7 

15.4 

12.0 

10.7 

9.0 

7.2 


9.9 
11.6 
4.5 
3.6 
3.2 
2.4 
1.8 
1.3 



Allowable loads given for standard beams will apply also to supplementary 
and other beams of equal depth and end reactions. { 

Plates of special sizes may be taken from the table of projection I 

coefficients given below, calculated from the following formula. Let | 

A =length of bearing plate, in inches. | 

B =width of bearing plate, in inches. i 

t =thickness of bearing plate, in inches. 

b =flange width of beam, in inches. 

R =reaction on bearing plate, in pounds. 

w =R-5-AxB, allowable unit pressure on masonry. 




^^^ 



M= 



b 
U- — -B---*- ** — -A---*' 

R(B— b) wABrB— b) 



8 



8 



= fS = 



fAta 
6 



4ft2 



B(B— b) = "l^ , or when f = 16000. 



B (B— b) = 



64000 ta 
3w 



the same as the formula for rolled steel slabs, page 225. 



Rule : — Take from table on opposite page the proper size bearing plate 
for the reaction and unit pressure. Multiply the width of the plate by the 
width minus the width of the beam flange and select from the table below 
the thickness corresponding to the value for the given unit pressure. 

Projection Coefficients 



Unit 
Pressure, 


Thickness of l^earing Plates, in Inches 


Lbs.per 
Sq. In, 


H 


H 


% 


160 


}i 


1 


IVs 


IM 


1% 
638 


IH 
640 


m 


1% 


IK 


2 


76 


40.0 


71.1 


111.1 


218 


284 


360 


444 


751 


371 


1000 


1138 


100 


30.0 


63.3 


83.3 


120 


163 


213 


270 


333 


403 


480 


663 


653 


760 


863 


126 


24.0 


42.7 


67.7 


96 


131 


171 


216 


267 


323 


384 


451 


523 


600 


683 


160 


20.0 


35.6 


55.6 


80 


109 


142 


180 


222 


269 


320 


376 


436 


600 


569 


175 


17.1 


30.5 


47.6 


69 


93 


122 


154 


190 


230 


274 


322 


373 


429 


488 


200 


16.0 


26.7 


41.7 


60 


82 


107 


136 


167 


202 


240 


282 


327 


375 


427 


260 


12.0 


21.3 


33.3 


48 


65 


86 


108 


133 


161 


192 


225 


261 


800 


341 


300 


10.0 


17.8 


27.8 


40 


54 


71 


90 


111 


134 


160 


188 


218 


250 


284 


360 


8.6 


16.2 


23.8 


34 


47 


61 


77 


95 


115 


137 


161 


187 


214 


244 


400 


7.5 


13.3 


20.8 


30 


41 


53 


68 


83 


101 


120 


141 


163 


188 


213 
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BEARING PTiA^TES 










Safe Resistances in Thousands of Pounds 




. WaU 
Eear- 


Bearing Plates 


Pressure in Pounds per Square Inch 


















• 








Inches 


Length, 
Indaes 


Width, 
Inches 


76 


100 


125 


150 


175 


200 


250 


300 


350 


400 


4 


4 


4 


1.2 


1.6 


2.0 


2.4 


2.8 


3.2 


4.0 


4.8 


5.6 


6.4 


4 


4 


6 


1.8 2.4 


3.0 


3.6 


4.2 


4.8 


6.0 


7.2 


8.4 


9.6 


4 


4 


8 


2.4 


3.2 


4.0 


4.8 


6.6 


6.4 


8.0 


9.6 


11.2 


12.8 


6 


6 


6 


2.7 


3.6 


4.5 


5.4 


6.3 


7.2 


9.0 


10.8 


12.6 


14.4 


6 


6 


8 


3.6 


4.8 


6.0 


7.2 


8.4 


9.6 


12.0 


14.4 


16.8 


19.2 


6 


6 


10 


4.5 


6.0 


7.5 


9.0 


10.5 


12.0 


15.0 


18.0 


21.0 


24.0 


8 


8 


8 


4.8 


6.4 


8.0 


9.6 


11.2 


12.8 


16.0 


19.2 


22.4 


25.6 


8 


8 


10 


6.0 


8.0 


10.0 


12.0 


14.0 


16.0 


20.0 


24.0 


28.0 


32.0 


8 


8 


12 


7.2 


9.6 


12.0 


14.4 


16.8 


19.2 


24.0 


28.8 


33.6 


38.4 


10 


10 


10 


7.5 


10.0 


12.5 


15.0 


17.5 


20.0 


25.0 


30.0 


35.0 


40.0 


10 


10 


12 


9.0 


12.0 


15.0 


18.0 


21.0 


24.0 


30.0 


36.0 


42.0 


48.0 


10 


10 


14 


10.5 


14.0 


17.6 


21.0 


24.5 


28.0 


35.0 


42.0 


49.0 


66.0 


12 


12 


12 


10.8 


14.4 


18.0 


21.6 


25.2 


28.8 


36.0 


43.2 


50.4 


67.6 


12 


12 


14 


12.6 


16.8 


21.0 


25.2 


29.4 


33.6 


42.0 


60.4 


58.8 


67.2 


12 


12 


16 


14.4 


19.2 


24.0 


28.8 


33.6 


38.4 


48.0 


67.6 


67.2 


76.8 


14 


14 


14 


14.7 


19.6 


24.5 


29.4 


34.3 


39.2 


49.0 


58.8 


68.6 


78.4 


14 


14 


16 


16.8 


22.4 


28.0 


33.6 


39.2 


44.8 


56.0 


67.2 


78.4 


89.6 


14 


14 


18 


18.9 


25^2 


31.5 


37.8 


44.1 


50.4 


63.0 


76.6 


88.2 


100.8 


14 


14 


20 


21.0 


28.0 


35.0 


42.0 


49.0 


56.0 


70.0 


84.0 


98.0 


112.0 


16 


16 


16 


19.2 


25.6 


32.0 


38.4 


44.8 


51.2 


64.0 


76.8 


89.6 


102.4 


16 


16 


18 


21.6 


28.8 


36.0 


43.2 


50.4 


57.6 


72.0 


86.4 


100.8 


116.2 


16 


16 


20 


24.0 


32.0 


40.0 


48.0 


56.0 


64.0 


80.0 


96.0 


112.0 


128.0 


16 


16 


22 


26.4 


35.2 


44.0 


52.8 


61.6 


70.4 


88.0 


105.6 


123.2 


140.8 


18 


18 


18 


24.3 


32.4 


40.5 


48.6 


56.7 


64.8 


81.0 


97.2 


113.4 


129.6 


18 


18 


20 


27.0 


36.0 


45.0 


54.0 


63.0 


72.0 


90.0 


108.0 


126.0 


144.0 


18 


18 


22 


29.7 


39.6 


49.5 


59.4 


69.3 


79.2 


99.0 


118.8 


138.6 


158.4 


18 


18 

1 


24 


32.4 


43.2 


54.0 


64.8 


75.6 


86.4 


108.0 


129.6 


161.2 


172.8 


20 


20 


20 


30.0 


40.0 


50.0 


60.0 


70.0 


80.0 


100.0 


120.0 


140.0 


160.0 


20 


20 


22 


33.0 


44.0 


65.0 


66.0 


77.0 


88.0 


110.0 


132.0 


164.0 


176.0 


20 


20 


24 


36.0 


48.0 


60.0 


72.0 


84.0 


96.0 


120.0 


144.0 


168.0 


192.0 


20 


20 


26 


39.0 


62.0 


65.0 


78.0 


91.0 


104.0 


130.0 


156.0 


182.0 


208.0 


22 


22 


22 


36.3 


48.4 


60.5 


72.6 


84.7 


96.8 


121.0 


145.2 


169.4 


193.6 


22 


22 


24 


39.6 


52.8 


66.0 


79.2 


92.4 


105.6 


132.0 


158.4 


184.8 


211.2 


22 


22 


26 


42.9 


57.2 


71.5 


85.8 


100.1 


114.4 


143.0 


171.6 


200.2 


228.8 


22 


22 


28 


46.2 


61.6 


77.0 


92.4 


107.8 


123.2 


154.0 


184.8 


216.6 


246.4 


24 


24 


24 


43.2 


57.6 


72.0 


86.4 


100.8 


115.2 


144.0 


172.8 


201.6 


230.4 


24 


24 


26 


46.8 


62.4 


78.0 


93.6 


109.2 


124.8 


156.0 


187.2 


218.4 


249.6 


24 


24 


28 


50.4 


67.2 


84.0 


100.8 


117.6 


134.4 


168.0 


201.6 


235.2 


268.8 


24 


24 


30 


54.0 


72.0 


90.0 


108.0 


126.0 


144.0 


180.0 


216.0 


252.0 


288.0 
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CARNEQIE STEEL COMPANY 



DETAILS FOR PUNCHING AND RIVETING 

AlfSRICAN BBIDQB COUPANT STANDABD 

CONVENTIONAL SIGNS FOR RIVETING 



Shop Rivets 



11 



Conntenunk 
and chipped 






i 



4 



I 

-3 

I 



Field Rivets 



1 



5 
I 



Countenunk 
and chipped 



I 

I 









-l-i!-^-^-^-^-»-^-#-; 



Shop Rivets 



Counteraonk but 
not cliipped , 
Mto. height. M 



„to H" W 






I 



tfai 



i2 



Flattened 
high 



Rivef%"T4?l-^Rivet. 



I ^ I 



8 



z s 



I 



Flattened 
to% hich 



e 



e 
Z 



t 

is 



^lf-0-0-^-^-^-:^-^ it# 






tpTT- 



•^ 



i^ 



^ 



4^ 



t-t- | -f .l 



cb. 



tr 



n=i 



r$-t-|-t"t"^ 



GAUGES FOR ANGLES, INCHES 




Leg 


8 


7 


6 


5 


4 

2M 


3M 
2 


3 


2H 

m 


2 


1 


IK 
H 


1% 


IH 


1 




gl 
g2 
g3 


4>^ 

3 

.3 


4 

2H 
3 


3H 
2H 
2K 


3 
2 

3^ 


H 


ys 


Max. rivet 


1 


J^ 


K 


Vs 


H 


H 


M 



>»g2^fir«J 



For oolunm details, 6" leg (^ inch thick or less) against column shaft, g^ == 1%*', g^ == 3". 
For diagonal angles, etc., gauge in middle, where riveted leg equals or exceeds 3" for %" rivets, 
3M" for %" rivets. 

Use special gauges to adapt work to multiple punch, or to secure desirable detuls* 



CLEARANCE FOR 
WEB RIVETING 



RIVETS IN 
CRIMPED ANGLES 



i 



-GX. 



an 



3 



STANDARD 
RIVET DIES 



n 



3 



%' jlU"_For ^Riveto 

1V4"^5- _:'— Vl _ -_ Distance x should be 1 K " plus thickness 

l%"il^" *' IV^" '* of chord angles, but never less than 2", 



." 



M 



2 \ For %" MTety 



2%' 



"I 



8' 



1 "_ 



CLEARANCE FOR COVER PLATE RIVETING 



d d 



Dimensions in Inches 



n^'-'^'^, 




i- 



~k"^'' 



*-:=--__, 



m. 



e 


}/L 


1 


IK 


2 


2K 


3 


3K 


4 


4K 


5 


5K 


6 


d 

f 


2H 


2^ 


2^ 


2»4 


2J^ 


2^ 

2K 


3 


3K 


3H 


3H 


3K 


3^- 





H 


1 


IK 


2 












d 


2K'2M 


2% 


2 


IK 
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STRUCTURAL DETAILS 



RIVET SPACING 



MINDUrM STAQQER FOB RIVBTS 




ni. 














Mi 


umun 


•tiiHer.d 


inchn 












iSZi 


0. Mb 




1% 


1«»|114 


IMa 


m 


I,'. 


IM 


m«'iH 


I'M. 


IW 


UW 


IK 


l"h« 


2Ke'2^. 


2«i. 


H 


n 


'-li 


)) 


)i 


H 


A 



























IW 


If". 


IW 


lii 


11 


H 


H 


A 


N 


















H 


m 


1,', 


1^ 


lA 


lli 


lA 


iH 




41 


ID 


H 


i'. 














IM 


IM 




1*1i 


V. 


m 






1A 








■fii 










JHi 


a^ 


a 


Hi 


in 


IH 


IM 


IK 


1^1 


IW 


If. 


IW 


15li 


irt 


IH 


1 


I* 


t> 



it 


».ll.rfl« 1 


% 




lA 


IW 


m iw 


15* 


IJi IK] 2 


2H 


2}i 2^2H 


IM 


I1\ 


iH 


Ki 


Hi 


m 


2 


.^ 




2A 


■m 


ZH 


2M2K 


IH 


lA 


i*i 


Hi 


l!i 


m 


HI 


2A 


2)^ 


2W 


2!4 


2A 


2,^ 


21 J 


2ii 


m 


IH 


Ui 


l!i 


If* 


H! 


2 


2H 
2ft 


2,i 


2A 


2.', 


2H 


2M 


aw 


2K 


ih 


m 


m 


IM 


HI 


2 


2JS 


2,'. 


2?4 


2W 


2JS 


ajj 


2)i 


2|i 


IH 


\'A 


I'A 


a 


2A 


2h 


2,^. 


2A 


2W 


2V, 


2W 


2(1 


2Ji 


2?* 




m 


Hi 


■i 


2A 


2M 


aft 


2A 


2K 


2A 


2A 


2Si 


2:« 


2)1 


3,', 


m 

2H 


2f, 


an 


^l^l 


2M 
2W 
2,^ 


2,'. 
2i'. 

2^ 


2H 


2>S 
2f, 


M 


2S^ 


25i 

2ir 

2)1 


2) J 
2)1 
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3 

3A 


JA 


3A 
3Vi 


2W 
2A 


2K 


2HJ2!i 
2!i 21} 


2M 


2U 


2W 


2i'. 


2/, 
2,V 






2H. 
2M 


2li 
2ti 


2M 
2H 


2U 3 


a 

3M 


3A 
3A 


3ft 
3W 


3H 


3,', 


2M 


2)1 






2ii 


21S 


2(S 


a 


a,i aK 


art 


3^4 


an 


I,V 


Jft 



[« enou^ for >*" rivett 



MINIMUM RIVET SPACING 



=a. 



Dia. ot RiTst InchcJ K 




'A 




JiJK 

2^i[2N 




IK 
35^ 


;^"^ 


I. Hi]iim<mi, Incba. 1 


i¥^ 





CARNBQIB STBBL COMPANY 



REDUCTION OF AREA FOR RIVET HOLES 
Area in Square Inches=Diameter of Hole by Thickness of Metal 



Thickness 

t ^ M A. 1 








Diameter of Hole in ] 


[nches 










of Metal, 


























Inches 


Vi. 


H 


%6 


% 


iMe 


% 


i%o 


% 


1%6 


1 


me 


m 


A 


.05 


.09 


.11 


.12 


.13 


.14 


.16 


.16 


.18 


.19 


.20 


.21 


H 


.06 


.13 


.14 


.16 


.17 


.19 


.20 


.22 


.23 


.25 


.27 


.28 


1% 


.08 


.16 


.18 


.20 


.21 


.23 


.25 


.27 


.29 


.31 


.33 


.35 


H 


.09 


.19 


.21 


.23 


.26 


.28 


.30 


.33 


.36 


.38 


.40 


.42 


I't 


.11 


.22 


.25 


.27 


.30 


.33 


.36 


.38 


.41 


.44 


.46 


.49 


H 


.13 


.25 


.28 


.31 


.34 


.38 


.41 


.44 


.47 


.50 


.53 


.56 


j% 


.14 


.28 


.32 


.36 


.39 


.42 


.46 


.49 


.53 


.56 


.60 


.63 


H 


.16 


.31 


.35 


.39 


.43 


.47 


.51 


.55 


.59 


.63 


.66 


.70 


n 


.17 


.34 


.39 


.43 


.47 


.62 


.66 


.60 


.64 


.69 


.73 


.77 


% 


.19 


.38 


.42 


.47 


.62 


.66 


.61 


.66 


.70 


.75 


.80 


.84 


n 


.20 


.41 


.46 


.61 


.56 


.61 


.66 


.71 


.76 


.81 


.86 


.91 


K 


.22 


.44 


.49 


.55 


.60 


.66 


.71 


.77 


.82 


.88 


.93 


.98 


n 


.23 


.47 


.53 


.59 


.64 


.70 


.76 


.82 


.88 


.94 


1.00 


l.b5 


1 


.26 


.60 


.66 


.63 


.69 


.76 


.81 


.88 


.94 


1.00 < 


1.06 


1.13 


lA 


.27 


.53 


.60 


.66 


.73 


.80 


.86 


.93 


1.00 


1.06 


1.13 


1.20 


iy% 


.28 


.56 


.63 


.70 


.77 


.84 


.91 


.98 


1.05 


1.13 


1.20 


1.27 


u% 


.30 


.69 


.67 


.74 


.82 


.89 


.96 


1.04 


1.11 


1.19 


1.26 


1.34 


IH 


.31 


.63 


.70 


.78 


.86 


.94 


1.02 


1.09 


1.17 


1.25 


1.33 


1.41 


l\% 


.33 


.66 


.74 


.82 


.90 


.98 


1.07 


1.15 


1.23 


1.31 


1.39 


1.48 


IH 


.34 


.69 


.77 


.86 


.95 


1.03 


1.12 


1.20 


1.29 


1.38 


1.46 


1.66 


U'^ 


.36 


.72 


.81 


.90 


.99 


1.08 


1.17 


1.26 


1.35 


1.44 


1.53 


1.62 


IH 


.38 


.75 


.84 


.94 


1.03 


1.13 


1.22 


1.31 


1.41 


1.50 


1.59 


1.69 



STAGGER OF RIVETS TO MAINTAIN NET SECTION 



AMBBICAN BBIDQB COM PANT STANDABD 



1 Hole Out 



2 Holes Out 




\ 



V 



'± 






L-bJ 




y=diameter of rivet + J^ 



// 



a-y=^a2+b2-2y ai-2y=V*''^+b2-3y 



b=>/2ay+y2 



b=>/2ay+y3 



Dimensions in Inches 



a=sum of gauges minus thickness of angle. 

-" less than for %" rivets, 
ir 7^' 



^" rivets, can 
1^' rivets, can 



be taken at 
be taken at 



" more than for >g" rivets. 



a 


8/4" 

Rivet 
b 


Rivet 
b 


ai 


%" 
Rivet 


%" 
Rivet 


b 


b 


2H 
3 

3H 

4 

4>4 


2A 
2}4 
2i^ 

2}i 
2H 


1% 
2 

2H 
3A 


5 

6 

6H 

7 


3i\( 

3H 

3H 
3H 
3H 
3|| 
3ji 
4 


3iV 
3H 
3H 
3M 

4 

4H 
4)i 
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RIVETS AND PINS 



STRESSES IN RIVETS AND PINS 



BiTeta. In transmitting stresses between riveted pieces, it is 
customary to disregard friction and to proportion rivets to the entire 
stress to be transmitted. They must be of sufficient size and number 
to resist shear and to afford such bearing area as not to cause distor- 
tion of the metal at the rivet holes. In the case of beams which frame 
opposite and of single web girders, this latter condition often necessi- 
tates a greater thickness of web than required by the shearing stresses. 
In a plate girder with %s" web, J^" rivets connecting the web with 
the flange angles would have a bearing value at 24,000 pounds unit 
stress of 5,630 pounds per rivet, while their value in double shear at 
12,000 pounds unit stress is 10,600 pounds per rivet; and it might be 
necessary to increase the web thickness to J^" or more in order that 
the pressure of the rivets upon the metal be not excessive. 

Pins. Pins must be calculated for shearing, bending and bearing 
stresses, but one of the latter two will in most cases determine the 
size. When groups of bars are connected to the same pin, as in the 
lower cho^d of truss bridges, the size of the bars must be so chosen 
and the bars so placed that at no point on the pin will there be any 
excessive bending stress. When the size of pin has been determined 
from the bending stress, the thickness of the bars or web of the post 
should be investigated to provide sufficient bearing area, the bars 
being thickened or pin plates added if necessary. 

The following is the formula for flexure appUed to pins: 
M^ f IT ds -5- 32 or =f A d -*- 8, in which M = moment of forces 
for any section through pin, f=fiber stress per square inch in 
bending, A ^ the area of section, d^ diameter, ir =3.14159. The 
forces are assumed to act in a plane passing through the axis of the 
pin. 

Example 1. — A pin, see figure, has to carry a load of 
64,000 pounds; required the size at 24,000 pounds fiber 
stress, assuming the distance between points of support 
to be 5 inches. 

Bending moment=64,000 x 6 -5- 4=80,000 inch pounds; 
use a 3>i inch pin; allowed moment: 80,900 inch pounds. 

Example 2. — Required the thickness of metal in the 
top chord of a bridge to give sufficient bearing area to a 3% 
inch pin, having to transmit a stress of 121,400 pounds at 
an allowed bearing pressure of 24,000 pounds per square 
inch. 

The bearing value of a 3% inch pin for 1 inch thickness 
of metal is 81,000 pounds; therefore, the thickness of metal 
required=121,400^- 81.000=1 H inch, or each web of the 
chord must be % inch thick, including pin plates. 




w2>^2>^^ 
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CARNBQIE STEEL COMPANY 






RIVETS 
Shearing and Bearing Values 

Values in Pounds, all Dimensions in Inches 


% INCH RIVETS— Area .1104 Square Inch 


1 

.9 


Unit, Lbs. per Sq. In. 


7000 


8000 


9000 


10000 


11000 


12000 


Single Shear per Rivet 


770 


880 


990 


1100 


1210 


1320 


Double Shear per Rivet 


1540 


1760 


1980 


2200 


2420 


2640 


Unit, Lbs. per Sq. In. 


14000 


16000 


18000 


20000 


22000 


24000 


S 

1 

d 

J 


H 
A 
M 


660 

980 

1310 


750 
1130 
1500 


840 
1270 
1690 


940 
1410 
1880 


1030 
1550 
2060 


1130 
1690 
2260 




1640 
1910 


1880 
2250 


2110 
2530 


2340 
2810 


2580 
3090 


2810 
3380 


V2 INCH RIVETS— Area .1963 Square Inch 


1 


Unit, Lbs. per Sq. In. 


7000 


8000 


9000 


10000 


11000 


12000 


Single Shear per Rivet 


1370 


1570 


1770 


1960 


2160 


2360 


Double Shear per Rivet 


2750 


3140 


3530 


3930 


4320 


4710 


« 


Unit, Lbs. per Sq. In. 


14000 


16000 


18000 


20000 


22000 


24000 


J 

a 
•1-1 

-.3 


A 
A 


1310 
1750 
2190 
2630 


1500 
2000 
2500 
3000 


1690 
2250 
2810 
3380 


1880 
2500 
3130 
3750 


2060 
2750 
3440 
4130 


2250 
3000 
3750 
450O 


A 


3060 
3500 


3500 
4000 


3940 
4500 


4380 
5000 


4810 
5500 


5250 
6000 


% INCH RIVETS— Area .3068 Square Inch 


Bearing Shear 


Unit, Lbs. per Sq. In. 


7000 


8000 


9000 


10000 


11000 


12000 


Single Shear per Rivet 


2150 


2450 


2760 


3070 


3370 


3680 


Double Shear per Rivet 


4300 


4910 


5520 


6140 


6750 


7360 


Unit, Lbs. per Sq. In. 


14000 


16000 


18000 


20000 


22000 


24000 


a 

1 


A 

A 

^^ 
A 


1640 
2190 
2730 
3280 
3830 


1880 
2500 
3130 
3750 
4380 


2110 
2810 
3520 
4220 
4920 


2340 
3130 
3910 
4690 
5470 


2580 
3440 
4300 
6160 
6020 


2810 
3760 
4690 
6630 
6660 


A 


4380 
4920 
6470 


5000 
5630 
6250 


5630 
6330 
7040 


6250 
7030 
7810 


6880 
7730 
8590 


7600 
8440 
9380 


Values below dotted lines are greater than double shear. 
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RIVETS AND PINS 



RIVETS 
Sheabino and Beabinq Values 

Values in Pounds, Dimensions in Inches 



% INCH RIVETS— Area .4418 Square Inch 



1 


Unit. Lbs. per 8q. In 


7000 


8000 


9000 


10000 


11000 


12000 


Single Shear per Rivet 


3090 


3530 


3980 


4420 


4860 


5300 


CQ 


Double Shear per Rivet 


6190 
14000 


7070 


7950 
18000 


8840 


9720 


10600 




Unit, Lbs. per Sq. In. 


16000 


20000 


22000 


24000 






H 


. 2630 


3000 


3380 


3750 


4130 


4500 


1 


H 


3280 
3940 
4590 
5250 
5910 


3750 
4500 
5250 
6000 
6750 


4220 
5060 
5910 
6750 
7590 


4690 
5630 
6560 
7500 
8440 


5160 
6190 
r220 
8250 
9280 


5630 
6750 
7880 
9000 
10130 




y. 


6560 


""7560" 


""si'io" 


9380 


10310 


,11250 



% INCH RIVETS— Area .6013 Square Inch 



8 


Unit, Lbs. per Sq. In. 


7000 


8000 


9000 


10000 


11000 


12000 


Single Shear per Rivet 


4210 


4810 


5410 


6010 


6610 


7220 




Double Shear per Rivet 


8420 


9620 


10820 


12030 


13230 


14430 




Unit, Lbs. per Sq. In. 


14000 


16000 


18000 


20000 


22000 


24000 




.B 




3060 
3830 


3500 
4380 


3940 
4920 


4380 
5470 


4810 
6020 


5250 
6560 


pq 


H 
H 


4590 
5360 
6130 
6890 
7660 


5250 
6130 
7000 
7880 
8750 


5910 
6890 
7880 
8860 
9840 


6560 
7660 
8750 
9840 
10940 


7220 

8420 

9630 

10830 

12030 


7880 

9190 

10500 

11810 

13130 




ih 


8420 


9630 


10830 


12030 


' l'3230'l 


14430 



1 INCH RIVETS— Area .7854 Square Inch 



Shear 


Unit, Lbs. per Sq. In. 


7000 


8000 


9000 


10000 
7850 


11000 


12000 


Single Shear per Rivet 


5500 


6280 


7070 


8640 


9420 


Double Shear per Rivet 


11000 
14000 


12570 


14140 


15710 


17280 


18850 




Unit, Lbs. per Sq. In. 


16000 


18000 


20000 


22000 


24000 




.S 

i 
1 




3500 
4380 
5250 


4000 
5000 
6000 


4500 
5630 
6750 


5000 
6250 
7500 


5500 
6880 
8250 


6000 
7500 
9000 


n 


H 
ih 
H 


6130 
7000 
7880 
8750 
9630 
10500 


7000 

8000 

9000 

10000 

11000 

12000 


7880 
9000 
10130 
11250 
12380 
13500 


8750 
10000 
11250 
12500 
13750 
15000 


9630 
11000 
12380 
13750 
15130 
16500 


10500 
12000 
13500 
15000 
16500 
18000 




'h 


11*386 1 


13000 


14630 


16250 


*"m8o" 


19500 



Values above upper dotted lines are less than single shear. 
Values below lower dotted lines aie greater than double shear. 



217 



CARNBQIE STEEL COMPANY 



PINS 



Beabing Values in Pounds on Metal One Inch Thick 
Bearing Va]ue=Diameter ^^f Pin x Bearing Stress per Square Inch 



Pm 



Bearing Streases in Poundfl per Square Inch 



Diuneter, 
Inchee 




11 

IIM 
12 



Ares, 
8q. In. 



12000 



.786 
1.227 
1.767 
2.405 

3.142 
3.976 
4.909 
5.940 

7.069 

8.296 

9.621 

11.045 

12.566 
14.186 
15.904 
17.721 

19.635 
21.648 
23.768 
25.967 

28.274 
30.680 
33.183 
36.785 

38.485 
41.282 
44.179 
47.173 

60.265 
53.466 
66.745 
60.132 

63.617 
67.201 
70.882 
74.662 

78.640 
82.516 
86.690 
90.763 

95.033 

99.402 

103.869 

108.434 

113.097 



12000 
16000 
18000 
21000 

24000 
27000 
30000 
33000 

36000 
39000 
42000 
46000 

48000 
51000 
64000 
67000 

60000 
63000 
66000 
69000 

72000 
75000 
78000 
81000 

84000 
87000 
90000 
93000 

96000 

99000 

102000 

106000 

108000 
111000 
114000 
117000 

120000 
123000 
126000 
129000 

132000 
136000 
138000 
141000 
144000 



16000 



16000 
18800 
22600 
26300 

30000 
33800 
37600 
41300 

46000 
48800 
62600 
66300 

60000 
63800 
67600 
71300 

75000 
78800 
82600 
86300 

90000 

93800 

97500 

101300 

105000 
108800 
112500 
116300 

120000 
123800 
127500 
131300 

136000 
138800 
142500 
146300 

160000 
163800 
167600 
161300 

165000 
168800 
172500 
176300 
180000 



20000 



20000 
26000 
30000 
36000 

40000 
46000 
60000 
66000 

60000 
66000 
70000 
76000 

80000 
85000 
90000 
95000 

100000 
106000 
110000 
116000 

120000 
126000 
130000 
136000 

140000 
146000 
160000 
166000 

160000 
166000 
170000 
175000 

180000 
186000 
190000 
196000 

200000 
205000 
210000 
215000 

220000 
226000 
230000 
235000 
240000 



22000 



22000 
27600 
33000 
38600 

44000 
49500 
56000 
60600 

66000 
71600 
77000 
82500 

88000 

93500 

99000 

104600 

110000 
115500 
121000 
126500 

132000 
137500 
143000 
148600 

154000 
159600 
166000 
170500 

176000 
181600 
187000 
192600 

198000 
203600 
209000 
214500 

220000 
225500 
231000 
236600 

242000 
247600 
253000 
268500 
264000 



24000 



24000 
30000 
36000 
42000 

48000 
64000 
60000 
66000 

72000 
78000 
84000 
90000 

96000 
102000 
108000 
114000 

120000 
126000 
132000 
138000 

144000 
150000 
156000 
162000 

168000 
174000 
180000 
186000 

192000 
198000 
204000 
210000 

216000 
222000 
228000 
234000 

240000 
246000 
252000 
268000 

264000 
270000 
276000 
282000 
288000 
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RIVETS AND PINS 



PINS 

Bending Moments In Inch Pounds 
Bending Moment^(Diameter of Pin)" x 0.098175 x Stress per Square Inch 



Pin 



Diameter, 

Inches 



10 

10 >i 
10 >? 
10 Ji 



Ares, 
Sq.In. 



Fibn StresB in Pounds per Square Ineh 



15000 




.785 
1.227 
1.767 
2.405 

3.142 
3.976 
4.909 
5.940 

7.069 

8.296 

9.621 

11.045 

12.566 
14.186 
15.904 
17.721 

19.635 
21.648 
23.758 
25.967 

28.274 
30.680 
33.183 
35.785 

38.485 
41.282 
44.179 
47.173 

50.265 
53.456 
56.745 
60.132 

63.617 
67.201 
70.882 
74.662 

78.540 
82.516 
86.590 
90.763 

95.033 

99.402 

103.869 

108.434 

113.097 



1500 
2900 
5000 
7900 

11800 
16800 
23000 
30600 

39800 
50600 
63100 
77700 

94200 
113000 
134200 
157800 

184100 
213100 
245000 
280000 

318100 
359500 
404400 
452900 

505100 
561200 
621300 
685500 

754000 
826900 
904400 
986500 

1078600 
1165500 
1262600 
1364900 

1472600 
1585900 
1704700 
1829400 

1960100 
2096800 
2239700 
2388900 
2544700 



18000 



1800 
3500 
6000 
9500 

14100 
20100 
27600 
36800 

47700 
60700 
75800 
93200 

113100 
135700 
161000 
189400 

220900 
255700 
294000 
336000 

381700 
431400 
485300 
543500 

606100 
673400 
745500 
822600 

904800 

992300 

1085300 

1183900 

1288300 
1398600 
1515100 
1637900 

1767100 
1903000 
2045700 
2195300 

2352100 
2516100 
2687600 
2866700 
3053600 



20000 



2000 

3800 

6600 

10500 

15700 
22400 
30700 
40800 

53000 

67400 

84200 

103500 

125700 
150700 
178900 
210400 

245400 
284100 
326700 
373300 

424100 
479400 
539200 
603900 

673500 
748200 
828400 
914000 

1005300 
1102500 
1205800 
1315400 

1431400 
1554000 
1683500 
1819900 

1963500 
2114500 
2273000 
2439200 

2613400 
2795700 
2986200 
3185300 
3392900 



22000 



2200 

4200 

7300 

11600 

17300 
24600 
33700 
44900 

58300 

74100 

92600 

113900 

138200 
165800 
196800 
231500 

270000 
312500 
359300 
410600 

466500 
527300 
593100 
664300 

740800 

823100 

911200 

1005400 

1105800 
1212800 
1326400 
1446900 

1574500 
1709400 
1851800 
2001900 

2159800 
2325900 
2500300 
2683200 

2874800 
3075200 
3284900 
3503800 
3732200 



22500 



2200 

4300 

7500 

11800 

17700 
25200 
34500 
45900 

59600 

75800 

94700 

116500 

141400 
169600 
201300 
236700 

276100 
319600 
367500 
419900 

477100 
539300 
606600 
679400 

757700 

841800 

931900 

1028200 

1131000 
1240400 
1356600 
1479800 

1610300 
1748300 
1893900 
2047400 

2208900 
2378800 
2557100 
2744100 

2940100 
3145100 
3359500 
3583400 
3817000 



24000 



2400 

4600 

8000 

12600 

18800 
26800 
36800 
49000 

63600 

80900 

101000 

124300 

150800 
180900 
214700 
252500 

294500 
340900 
392000 
447900 

508900 
575200 
647100 
724600 

808200 

897900 

994000 

1096800 

1206400 
1323000 
1447000 
1578500 

1717700 
1864800 
2020100 
2183900 

2356200 
2537400 
2727600 
2927100 

3136100 
3354800 
3583500 
3822300 
4071500 



25000 



2500 

4800 

8300 

13200 

19600 
28000 
38300 
51000 

66300 

84300 

105200 

129400 

157100 
188400 
223700 
263000 

306800 
355200 
408300 
466600 

530100 
599200 
674000 
754800 

841800 

935300 

1035400 

1142500 

1256600 
1378200 
1507300 
1644200 

1789200 
1942500 
2104300 
2274900 

246IU00 
2643100 
2841200 
3049100 

3266800 
3494600 
3732800 
3981600 
4241200 
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CARNEOIB STEEL COMPANY 






. 




ANGLES 








Allowable, Tensiom Valuks in Thousands or 


Pounds 




Maximum Fiber Strees, 16000 Pounds per Square 


nch 










"5:61 


5:55 


133:8 


5:53 


i3e:3 


8.67 




81 S 


S 


29:6 


8.68 


7.5S 


120.8 


7.70 


123.2 


7.84 


135.4 


81 8 


28.4 












7.00 


112.0 


8l 8 


1 


44.2 


13.00 


11.00 


76.0 


1 . 5 


80. 






81 8 




41.7 






























69: 








M 




10:72 


9:10 


45:a 




48. 






8>t 8 


33.8 


9.94 




3S.0 


.63 


38. 






8x a 












,85 


27.2 
























118.7 




M 




7:56 


a:43 


103:9 


:5s 








81 6 


23:0 


a.75 




92.0 


.87 




a:oo 


96:o 


8s 6 


f> 






5:05 






82:a 




813 


61 6 


H 


33.1 


9.73 


7.98 


127.7 


8.20 


131.2 






6i 6 


























8:44 


6:94 


111:0 












U 


26.5 


7.78 




102.8 


6.58 


105.3 






01 6 


24.2 








6.02 


98.3 


6.17 


98.7 


a I a 


^ 






















5:75 


4:75 


7610 












i 


17:2 


6.06 




68.9 


4:29 


68:6 


4:40 


70:4 


ex a 


14.9 




3:81 




3.70 


60.2 


3.80 


60.8 


ai 4 


« 


27.2 


7.98 


a.23 


99.7 


6.46 


103.2 






ai 1 












0.05 


96.8 


































5:03 


so: 5 














20:0 


6:86 


4.61 


3.8 


4:77 


7a:3 


4-92 




6x 4 




18.1 








4.33 


60.3 


4.47 


71:5 


















4.00 


64.0 




^ 




4:18 




52:8 




54:6 




66.3 


ax 4 


12:3 




2:86 


45.8 


2:96 


47.2 


3:05 




5x3W 


M 


6.8 


4.92 


3.67 


58.7 


383 


613 


3 98 


63.7 


6X3^ 




6.2 


4.47 


3.34 


63.4 


3:49 


55:8 


3:63 








3.8 




3,00 






40.9 


3.26 


52:0 








3:53 








44.2 


2,87 


4fi.» 






OA 


3.05 


2:30 


36:8 


2:39 


38.2 




39.8 


fix 3^ 


A 


8.7 




1.93 


30.B 


2.01 


32.2 


2,09 


33.4 


5x 3 


1 


12.8 


3.76 


2.75 


44.0 


2 87 


45.9 


3,00 


48-0 


6x 3 




3.31 


2.43 


38.9 


2.54 


40,6 
















2.20 


35.2 


2,30 


38.8 


Bi 3 


8.2 


2.40 


1.77 


28.3 






1,93 


30.9 



TENSION VALUES 



ANGLES 

Allowable Tension Values in Thousands op Pounds 
Mftxlmum Fiber Stress, 16000 Pounds per Square Inch 





c. 


Thick- 


Wdght 

per Foot, 

Pounds 


Area, 


Net Areas and Stressea— One Hole Deducted 


Su 


% Inch Rivets 


M Inch Rivets 


^ Inch Rivets 


Ind 


168 


ness, 
Inches 


Inches 3 














M-MJLXdl 
























Area, 
Inches a 


Stress 


Area, 
Inches ^ 


Stress 


Area, 
Inches 2 


Stress 


6x 


6 


K 


33.1 


9.73 


8.86 


141.6 


8.96 


143.4 






6x 


6 


U 


31.0 


9.09 


8.28 


132.5 


8.38 


134.1 






6x 


6 


H 


28.7 


8.44 


7.69 


123.0 


7.78 


124.6 






6x 


6 


U 


26.5 


7.78 


7.09 


113.4 


7.18 


114.9 






6x 


6 


% 


24.2 


7.11 


6.48 


103.7 


6.56 


105.0 


6.64 


106.2 


6x 


6 


A 


21.9 


6.43 


5.87 


93.9 


5.94 


95.0 


6.01 


96.2 


6x 


6 


H 


19.6 


5.75 


5.25 


84.0 


6.31 


86.0 


6.37 


86.9 


6x 


6 


i'« 


17.2 


6.06 


4.62 


73.9 


4.68 


74.9 


4.73 


76.7 


6x 


6 


M 


14.9 


4.36 


3.98 


63.7 


4.03 


64.6 


4.08 


66.3 


6x 


4 


K 


27.2 


7.98 


7.10 


113.6 


7.21 


116.4 






6x 


4 


\l 


25.4 


7.47 


6.66 


106.6 


6.76 


108.2 






6x 


4 


% 


23.6 


6.94 


6.19 


99.0 


6.28 


100.6 






6x 


4 


\\ 


21.8 


6.40 


5.71 


91.4 


5.80 


92.8 






6x 


4 


% 


20.0 


5.86 


5.23 


83.7 


5.31 


85.0 


6.39 


86.2 


6x 


4 


A 


18.1 


5.31 


4.75 


76.0 


4.82 


77.1 


4.89 


78.2 


6x 


4 


H 


16.2 


4.75 


4.26 


68.0 


4.31 


69.0 


4.37 


69.9 


6x 


4 


A 


14.3 


4.18 


3.74 


69.8 


3.80 


60.8 


3.86 


61.6 


6x 


4 


H 


12.3 


3.61 


3.23 


61.7 


3.28 


62.5 


3.33 


63.3 


5x 


3H 


H 


16.8 


4.92 


4.29 


68.6 


4.37 


69.9 


4.46 


71.2 


5x 


3H 


iV 


15.2 


4.47 


3.91 


62.6 


3.98 


63.7 


4:05 


64.8 


5x 


SH 


H 


13.6 


4.00 


3.50 


56.0 


3.56 


57.0 


3.62 


67.9 


5x 


3 34 


/» 


12.0 


. 3.53 


3.09 


49.4 


3.15 


50.4 


3.20 


51.2 


6x 


SH 


.% 


10.4 


3.05 


2.67 


42.7 


2.72 


43.5 


2.77 


44.3 


5x 


334 


A 


8.7 


2.56 


2.26 


36.0 


2.29 


36.6 


2.33 


37.3 


5x 


3 


H 


15.7 


4.61 


3.98 


63.7 


4.06 


66.0 


4.14 


66.2 


5x 


3 


A 


14.3 


4.18 


3.62 


57.9 


3.69 


59.0 


3.76 


60.2 


6x 


3 


H 


12.8 


3.76 


3.25 


52.0 


3.31 


53.0 


3.37 


53.9 


5x 


3 


A 


11.3 


3.31 


2.87 


45.9 


2.93 


46.9 


2.98 


47.7 


5x 


3 


M 


9.8 


2.86 


2.48 


39.7 


2.53 


40.5 


2.68 


41.3 


5x 


3 


A 


. 8.2 


2.40 


2.09 


33.4 


2.13 


34.1 


2.17 


34.7 


4x 


4 


y% 


16.7 


4.61 


3.98 


63.7 


4.06 


65.0 


4.14 


66.2 


4x 


4 


A 


14.3 


4.18 


3.62 


57.9 


3.69 


69.0 


3.76 


60.2 


4x 


4 


^ 


12.8 


3.75 


3.25 


52.0 


3.31 


53.0 


3.37 


63.9 


4x 


4 


A 


11.3 


3.31 


2.87 


46.9 


2.93 


46.9 


2.98 


47.7 


4x 


4 


M 


9.8 


2.86 


2.48 


39.7 


2.53 


40.5 


2.58 


41.3 


4x 


4 


A 


8.2 


2.40 


2.09 


33.4 


2.13 


34.1 


2.17 


34.7 


4x 


4 


M 


6.6 


1.94 


1.69 


27.0 


1.72 


27.6 


1.75 


28.0 


4x 


3 


^ 


li.l 


3.26 


2.76 


44.0 


2.81 


45.0 


2.87 


46.9 


4x 


3 


A 


9.8 


2.87 


2.43 


38.9 


2.49 


39.8 


2.54 


40.6 


4x 


3 


M 


8.5 


2.48 


2.10 


33.6 


2.15 


34.4 


2.20 


35.2 


4x 


3 


A 


7.2 


2.09 


1.78 


28.5 


1.82 


29.1 


1.86 


29.8 


4x 


3 


K 


5.8 


1.69 


1.44 


23.0 


1.47 


23.5 


1.50 


24.0 
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CARNEQIE STEEL COMPANY 



ANGLES 



Allowable Tension Values in Thousands of Pounds 
Maximiun Fiber Stress. 16000 Pounds per Square Inch 



Sise, 
Inches 



3Hx3 
3Hx3 
3Hx3 
3Mx3 



3Hx 
3Hx 
3Hx 
3Hx 
3>4x 



3 
3 
3 
3 
3 



3Hx2H 
3Hx2H 
3Hx2H 
3>4x2H 
3HX2H 



3 
3 
3 
3 
3 



3 
3 
3 
3 
3 



3 x2H 
3 x2K. 
3 x2><^ 



2Hx2i^ 
2^x2^ 
2^x2 >^ 
2Mx2>4 

2Hx 2 
2Hx 2 
2»^x 2 
2i^x 2 

2x2 
2x2 
2x2 
2x2 



2 xlH 
2 xl3^ 
2 xl>4 



Thiok- 

ne88, 

Inches 



H 

^ 

A 



H 
i^ 
^ 
A 

^ 

A 



Weight 

per Foot, 

Pounds 



13.6 
12.4 
11.1 
9.8 
8.5 
7.2 
5.8 



10.2 
9.1 
7.9 
6.6 
5.4 



9.4 
8.3 
7.2 
6.1 
4.9 



9.4 
8.3 
7.2 
6.1 
4.9 



6.6 
5.6 
4.5 



5.9 
5.0 
4.1 
3.07 

5.3 
4.5 
3.62 
2.75 

4.7 
3.92 
3.19 
2.44 

3.39 
2.77 
2.12 



Area, 
Inches > 



3.98 
3.62 
3.25 
2.87 
2.48 
2.09 
1.69 



3.00 
2.65 
2.30 
1.93 
1.56 



2.75 
2.43 
2.11 
1.78 
1.44 



2.75 
2.43 
2.11 
1.78 
1.44 



1.92 
1.62 
1.31 



1.73 
1.47 
1.19 
0.90 

1.55 
1.31 
1.06 
0.81 

1.36 
1.15 
0.94 
0.71 

1.00 
0.81 
0.62 



Net Areas and Stresses — One Hole Deducted 



Ji Inch Rivets 



Area, 
Inches 2 



3 
3 
2 
2. 
2. 
1. 
1. 



35 
06 
75 
43 
10 
78 
44 



2.50 

2.ai 
1.92 
1.62 
1.31 



2.25 
1.99 
1.73 
1.47 
1.19 



2.25 
1.99 
1.73 
1.47 
1.19 



1.54 
1.31 
1.06 



Stress 



53.6 
49.0 
44.0 
38.9 
33.6 
28.5 
23.0 



40.0 
35.4 
30.7 
25.9 
21.0 



36.0 
31.8 
27.7 
23.5 
19.0 



36.0 
31.8 
27.7 
23.5 
19.0 



24.6 
21.0 
17.0 



M Inch Rivets 



Area, 
Inches 3 



3.43 
3.13 
2.81 
2.49 
2.15 
1.82 
1.47 



2.66 
2.27 
1.97 
1.66 
1.34 



2.31 
2.05 
i.78 
1.51 
1.22 



2.31 
2.05 
1.78 
1.61 
1.22 



1.59 
1.35 
1.09 



1.40 
1.20 
0.97 
0.74 



1.22 
1.04 
0.84 
0.65 



Stress 



54.9 
50.1 
45.0 
39.8 
34.4 
29.1 
23.5 



41.0 
36.3 
31.5 
26.6 
21.4 



37.0 
32.8 
28.5 
24.2 
19.5 



37.0 
32.8 
28.5 
24.2 
19.5 



25.4 
21.6 
17.4 



22.4 
19.2 
15.5 
11.8 

19.6 
16.6 
13.4 
10.4 



$^ Inch Rivets 



Area, 
Inches a 



3.51 
3.20 
2.87 
2.54 
2.20 
1.86 
1.50 



2.62 
2.32 
2.02 
1.70 
1.37 



2.37 
2.10 
1.83 
1.55 
1.25 



2.37 
2.10 
1.83 
1.55 
1.26 



1.64 
1.39 
1.12 



1.45 
1.24 
1.00 
0.76 

1.27 
1.08 
0.87 
0.67 

1.08 
0.92 
0.75 
0.57 

0.77 
0.62 
0.48 



Stress 



56.2 
51.2 
45.9 
40.6 
35.2 
29.8 
24.0 



41.9 
37.1 
32.3 
27.2 
21.9 



37.9 
33.6 
29.3 
24.8 
20.0 



37.9 
33.6 
29.3 
24.8 
20.0 



26.2 
22.2 
17.9 



23.2 
19.8 
16.0 
12.2 

20.3 
17.3 
13.9 
10.7 

17.3 

14.7 

12.0 

9.1 

12.3 
9.9 
7.7 



222 



TENSION VALUES 



BARS 
Allowable Tension Values in Thousands of Pounds 

BOUND BABS SQUABE BABS 









Unit 


Unit 








Unit 


Unit 








Stress 


Stress 








Stren 


Stress 


Size, 
Inches 


Area, 
Inches^ 


Weight 
per Foot, 
Tounds 


16,000 
Lbs. 

Square 


20,000 

Lbs. 

per 

Square 


. Sise, 
Inches 


Area, 
Inches^ 


Weight 
per Foot, 
Pounds 


16,000 
Lbs. 
„per 
Square 


20,000 
Lbe. 

„pcr 

Square 
Inch 








Inch 


Inch 








Inch 


H 


0.012 


0.042 


0.2 


0.3 


H 


0.016 


0.053 


0.3 


0.3 


i^ 


0.028 


0.094 


0.4 


0.6 


A 


0.035 


0.119 


0.6 


0.7 


H 


0.049 


0.167 


0.8 


1.0 


H 


0.063 


0.212 


1.0 


1.3 


A 


0.077 


0.261 


1.2 


1.5 


A 


0.098 


0.333 


1.6 


2.0 


H 


0.110 


0.375 


1.8 


2.2 


H 


0.141 


0.478 


2.3 


2.8 


!'• 


0.150 


0.511 


2.4 


3.0 


A 


0.191 


0.651 


3.1 


3.8 


^ 


0.196 


0.667 


3.1 


3.9 


H 


0.250 


0.850 


4.0 


5.0 


f* 


0.249 


0.845 


4.0 


5.0 


A 


0.316 


1.08 


6.1 


6.3 


H 


0.307 


1.04 


4.9 


6.1 


H 


0.391 


1.33 


6.3 


7.8 


ih 


0.371 


1.26 


5.9 


7.4 


H 


0.473 


1.61 


7.6 


9.5 


H 


0.442 


1.50 


7.1 


8.8 


H 


0.563 


1.91 


9.0 


11.3 


i§ 


0.519 


1.76 


8.3 


10.4 


ii 


0.660 


2.25 


10.6 


13.2 


Ji 


0.601 


2.04 


9.6 


12.0 


14 


0.766 


2.60 


12.3 


15.3 


it 


0.690 


2.35 


11.0 


13.8 


ii 


0.879 


2.99 


14.1 


17.6 


1 


0.785 


2.67 


12.6 


15.7 


1 


1.00 


3.40 


16.0 


20.0 


liV 


0.887 


3.01 


14.2 


17.7 


\t^ 


1.13 


3.84 


18.1 


22.6 


IH 


0.994 


3.38 


15.9 


19.9 


1.27 


4.30 


20.3 


25.3 


lA 


1.11 


3.77 


17.7 


22.2 


lA 


1.41 


4.80 


22.6 


28.2 


l>i 


1.23 


4.17 


19.6 


24.5 


IH 


1.56 


6.31 


25.0 


31.3 


li'* 


1.35 


4.60 


21.6 


27.1 


lA 


1.72 


5.86 


27.6 


34.6 


IH 


1.48 


5.05 


23.8 


29.7 


IH 


1.89 


6.43 


30.3 


37.8 


li'i 


1.62 


5.52 


26.0 


32.5 


Ii'b 


2.07 


7.03 


33.1 


41.3 


IH 


1.77 


6.01 


28.3 


35.3 


IH 


2.25 


7.65 


36.0 


45.0 


lA 


1.92 


6.52 


30.7 


38.4 


lA 


2.44 


8.30 


39.1 


48.8 


IH 


2.07 


7.05 


33.2 


41.5 


W% 


2.64 


8.98 


42.3 


52.8 


in 


2.24 


7.60 


35.8 


44.7 


n\ 


2.85 


9.68 


45.6 


57.0 


IH 


2.41 


8.18 


38.5 


48.1 


IH 


3.06 


10.41 


49.0 


61.3 


Hi 


2.58 


8.77 


41.3 


51.6 


Hi 


3.29 


11.17 


52.6 


65.7 


IH 


2.76 


9.39 


44.2 


55.2 


IH 


3.52 


11.95 


56.3 


70.3 


Hi 


2.95 


10.02 


47.2 


59.0 


lis 


3.75 


12.76 


60.1 


75.1 


2 


3.14 


10.68 


50.3 


62.8 


2 


4.00 


13.60 


64.0 


80.0 


2i^ 


3.34 


11.36 


53.5 


66.8 


2xV 


4.25 


14.46 


68.1 


85.1 


2>^ 


3.55 


12.06 


56.7 


70.9 


2H 


4.52 


15.35 


72.3 


90.3 


2A 


3.76 


12.78 


60.1 


75.2 


2A 


4.79 


16.27 


76.6 


95.7 


2H 


3.98 


13.52 


63.6 


79.5 


2k 


5.06 


17.22 


81.0 


101.3 


2A 


4.20 


14.28 


67.2 


84.0 


2^ 
2H 


5.35 


18.19 


85.6 


107.0 


2!^ 


4.43 


15.07 


70.9 


88.6 


5.64 


19.18 


90.3 


112.8 


2i'« 


4.67 


15.86 


74.7 


93.3 


2A 


5.94 


20.20 


95.1 


118.8 


2H 


4.91 


16.69 


78.5 


98.2 


2H 


6.25 


21.25 


100.0 


125.0 


2A 


5.16 


17.53 


82.5 


103.1 


2A 


6.57 


22.33 


105.1 


131.3 


2^ 


5.41 


18.40 


86.6 


108.2 


2H 


6.89 


23.43 


110.3 


137.8 


21i 


5.67 


19.29 


90.8 


113.5 


211 


7.22 


24.56 


115.6 


144.5 


2M 


5.94 


20.20 


95.0 


118.8 


2H 


7.66 


25.71 


121.0 


151.3 


2it 

2H 


6.21 


21.12 


99.4 


124.3 


2% 


7.91 


26.90 


126.6 


158.2 


6.49 


22.07 


103.9 


129.8 


8.27 


28.10 


132.3 


165.3 


2H 


6.78 


23.04 


108.4 


135.5 


2\l 


8.63 


29.34 


138.1 


172.6 


3 


7.07 


24.03 


113.1 


141.4 


3 


9.00 


30.60 


144.0 


180.0 
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GRILLAGE FOUNDATIONS 

Grillaare Beams. In the design of foundations for columns, piers 
and walls, provision must be made for the uniform distribution of 
the load over the footing. This is best done by the use of a grillage 
of steel beams and concrete. This method of construction elimin- 
ates deep excavations and large masses of masonry and is, therefore, 
truly economical. For heavy loads on soils of small bearing 
capacity, three tiers of beams may be necessary; while for lighter 
loads or better soils two tiers, or even one, may suffice. 

The lower tier should rest upon a solid bed of concrete of sufficient 
thickness to distribute the load to the soil. Good practice requires 
the spaces between the beams in all the tiers to be filled with, and 
the beams enclosed in, concrete not less than four inches thick. 

The clear distance between the flanges of the beams in each tier 
should not be less than 23^ inches, nor more than three times the 
flange width. The first requirement is necessary to permit the 
introduction and proper tamping of the concrete, the second, to 
insure uniform distribution of the load. When separators are used 
to hold the beams in position, they should be of gas pipe, as cast iron 
separators tend to break the continuity of the concrete. Grillage 
beams should not be painted, as concrete does not adhere well to 
painted surfaces but is itself an excellent preservative of steel. 

To determine the area in square feet required for the foundation, 
divide the total load on the column, pier or wall by the allowable 
pressure per square foot on the soil. This gives the area of the 
footing, the shape of which is determined by local conditions. On 
the assumption that the loads on the soil are uniformly distributed, 
the number, size and weight of the beams required are determined 
from the maximum bending moment, the maximum shear, or the 
maximum web resistance to buckling, as follows: — Let 

W=Total load on the foundation, in pounds. 

L ^Length of beam, in feet. 

a ==Length of loaded portion, in feet. 

d =Depth of beam, in inches. 

t =Thickness of beam web, in inches. 



L-a 

ijlim 



L-a 



iiiL 



i|!'^!'^l^Si'i'^''j " =Number of beams in a tier. 

f b == Allowable unit web buckling resistance. 

The maximum bending moment occurs at the center of the beam 
and is equal in foot pounds to W (L-a) -j- 8; this formula is 
identical with the formula of maximum bending moment for a 
beam of length (L-a) under a uniformly distributed load, W. 

The proper size of beam in any tier as regards flexure at a fiber 
stress of 16,000 pounds per square inch may be found in the beam 
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safe load table for the length corresponding to (L — a), by dividing 
the total load by the number of beams. 

Or may be found from the table of maximum bending moments, 
by dividing the total bending moment by the number of beams; 

Or from the table of properties, by dividing by the number of 

beams in the tier the total section modulus required, which 

, . 3 W (L-a) 
IS equal to 32)000 ^ 

Note, however, that the load on the beam for any span must not 

exceed the maximum tabular safe load for shear. 

The maximum vertical shear occurs at the edge of the column 

base or at a distance in feet of — ^ — from each end of the beam and 

1 +^ W ^ L-a 
is equal to -jj- x — 2 — 

Web thickness, t, to resist average shear — j^ x — =^ x ^^^^ 10000 

Or, the average vertical shear — j^ x — ^^ x ^^^^^^ . which must not 

exceed 10,000 pounds per square inch. 

The maximum buckling stress occurs on a length in inches of 

12 a + d/2 and is equal in total per lineal inch of web to 12 a + d/2 

The required thickness of web, t, to resist buckUng= 
W 



nx(12a + d/2jxfb. 

Or the average web resistance per square inch to buckUng= 

nx(i2a + d/2)xt ^^^^^ must not exceed the tabular values for 
the allowable buckling resistance on beam webs. 

Rolled Steel Slabs. To distribute the loads from columns over 
girders, grillage beams, etc., solid slabs of rolled steel may be 
advantageously used in the place of cast iron or riveted steel bases, 
e?tc. The size of the slab is usually fixed by the dimensions of the 
column and its thickness is determined from the maximum bending 
moment, on the assumption of uniform loading, as follows:— Let 
-^ W=Total load, in pounds. 
■X I A =Width of slab, in inches. 
^B B =Length of slab, in inches. 

j t =Thickne8S of slab, in inches. 
"""* a =Outside dimension of column, in inches. 
L— —^-1— J b =Outside dimension of colunm, in inches. 

The maximum bending moment will occur at the center of the 

slab and equals, in inch pounds, g~ or g"" , and at a 

fiber stress of 16,000 pounds per square inch, the required thickness 

of slab t = \/ 3W(A-a) _ A /3W(B-b) 

01 SiaD, t, \ 64,000 B or- \ 64,000 A 
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Steel Slab B6 z 3S°x S}^' 
2J 9Dlb BeaiaelO'-e"lo 



Eeauple Required to dedgn a grilli^e foundaUoa for a column load ot I 
I.OiO 000 ponnds on soil witb an ollowab a bearing capacity at 6,000 pounds 
per square toot ( olumn composed ot 1 web plate 14 x %", 4 flange angles. 
6" I i" 1 Ji" and 4 flange plates, 14" i Ji". outside dimonslonB 14" x 18". 

Required area ot tootlne^l.040.000-^ 6.00ft=173.33 equare teet. 

Use area 12' 0" s 15' 0"^180 square teet. 

Assume 3' 0" square as the dimensions ot tbe roUed steel slab or columii ' 
baae and allow 9" tor concrete on the sides and ends ot beams, then the dlmen- 
13 ol the steel grlllsge will be lO" 6" i 13' 6", concrete being a 
' strengCb to distribute to the edges. 



Rolled Steel Slab 

Thickness required, t,^ "y— 




ORILLAQB FOUNDATIONS 



a MeUiod. 
Bottom tier — L=i3.6 feet; a^ 3.0 fe 
Required total sectloa modulus, 8,= 
Use 13— 15" 601b. IH 

AvOTOge slieiir= 



1.040.000 



13.6 



3.515 lbs. per sq. In. 



Average buckling st 



~I3 I 43.5 X .59 



=3,I301biB. persa. In. 



Top tlec — li=ia5 leet; ft=3.0 feet. 
Required total section modulus, 3 



Average shea 
Average buckling b( 



1.040.000 



24 I 63 ^^ 6,140 Iba. per sq. In. 
=S,600 lbs. per sq. In. 



Plmte Gbdcr Grillm FoaHtnUoiu. la those casea where columns carry 
very heavy loads, plate girders are used for the top tier of the 
grillage rather than beams. In the case of sy mice trical foundations, 
the method of computation is the same as has already been illus- 
trated in the case of beams. The following example indicates the 
procedure in the quite frequent case of unsymmetrical loading 
conditions: 



840.000 pinUHlB 



X) poundft 



Mike up of 1 FIbId Ubder 
4 T]iage Augln S 1 1 1 >i 
2 Flsoge Plata 14 1 H 

1 Web pi»i« as I Si 

2 Web Reiif. Fiatoi H thick, 

each eod betvoen FIkiibq 

Anttla 
2 Web Rebf. Plal« H Ihiik, 

each end over Fkn^ Angis 
StiSeiKC Anclsi SiSHi^H 
Tie AnglM 6 1 3H > !4 
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Example: — Required to design a grillage foundation under an exterior or 
wall column carrying a load of 840,000 pounds, and an interior column with 
a load of 1,260,000 pounds, on soil with an allowable bearing capacity of 
8,000 pounds per square foot. 

Required footing area of wall colimm =- ^^J^^ — 105 square feet. 

8,000 

Use area 8' 0" x 14' 0"=: 112 square feet. 

Required area of interior column footing = ^'^2^^ =167.5 square feet. 

Use area 12' 0" x 14' 0"=168 square feet. 

With these dimensions and areas, the load on the soil will be uniform at 
7,500 pounds per square foot, and the footings the same width, both of which 
are desirable from the standpoint of uniform settlement. 

Rolled Steel Slabs for Coltmm Footings: Assume a width of 30" and a 
length of 32". then the required thickness will be as f(^ows: — 



3 


X 


840,000 X 


(32- 


•14) 






64.000 X 


30 




f3 


X 


1,260,000 X 


(32- 


16) 



Interior column, t, = -v /3 x 1.260,000 x (32— 16) ^ g g^ in.; use 65i". 

™ O4.0UU X oU 

Plate Girders: Maximum bending moment occurs at the inner beams of 
the respective footings, and is equal to the load on the colxmin multiplied by the 
distance of its center from the center of moments. 

Mmax. from wall column = 840,000 x 2' 6"=2, 100,000 foot pounds. 
Mmax. from interior coltmm=l, 260,000 x 1' 8"=2.100,000 foot pounds. 



Required section modulus of two girders=" 



2.100.000 X 12 



=1,576.0 in.8 



16.000 

Select from girder safe load table, page 244, two girders composed each of 
1 web plate 36" x J4", 4 angles 6" x 4" x H". and 2 flange plates 14" x^"; — 
Total section modulus. S = 2 x 792.3=1,584.6 in.8 

Maximum shear occurs at the inside edge of the steel slab imder the interior 
column, and is equal in total for the two girders to the load carried by the 
portion of the footing between that point and the inside edge of the footing, 
jjj. J^26a^_x_68 =680,000 or 340,000 pounds per girder. 

At 10,000 pounds per square inch, the 36" x H" plate girder web is good for 
180,000 poimds; therefore, it is necessary to use reinforcing web plates where 
the shear exceeds that amount. 

Beams. Lower Tier. Interior Colimin: 

Required total section modulus. S. = 3 x 1.260,000 x 9.67 _ 1,142.3 in.» 

o2,U0U 

Use 13—18" 55 lb. beams — Total section modulus = 1,149.2 in.» 
Average shear = i^|°«x-?f-x ^j^^^^L-— = 4.S20 lbs. per «,. to. 

Average buckling stress = 13 ^43 x 46 ^^ ^>^^ ^^' P®*^ ^' *n. 
For exterior column use 9—18" 56 lb. beams. 

Note. — In order to facilitate manufacture and shipment, it is 
desirable to use for the entire foundation as few sizes and weights 
of beams as possible, and the rolled steel slabs should be of the 
same thickness or at least of as few thicknesses as really convenient. 
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RIVETED BEAM AND PLATE GIRDERS 

Where single rolled beams are insufl&cient to carry the loads, the 
required capacity may be secured by fabrication in various methods. 

Two beams can be used, connected together by bolts and separa- 
tors. The total strength of these is twice that of the single beam 
of the same depth and weight. Care should be taken, however, to 
see that the loads are applied on them equally, and where it is 
necessary for the beams to act as a unit, the separators should be of 
plates and angles and not of cast iron. If the loading is not imiform 
on the two sections, their strength must be computed separately. 

The use of single beam girders with plates top and bottom to 
sustain a given load is often more economical in material than the 
use of two beams connected by bolts and separators. 

Box girders formed of two beams with flange plates riveted thereto 
are often used for supporting interior walls in buildings. They 
are not, however, as economical in material as single beams with 
flange plates or plate girders. Their interior surfaces do not admit 
of repainting and they should, therefore, not be used in exposed 
places. 

The most economical section to sustain heavy loads is the single 
web plate girder and it is suflScient for all ordinary purposes. When 
not so, two single web plate girders may be used, together with tie 
plates extending clear across the angles, or box girders may be 
made of four flange angles, two web plates and top and bottom 
flange plates. In case there is unequal distribution of the load, 
the two girders or half girders must be figured as separate units. 

In the design of beam or plate girders, care must be taken to see 
that the web is of sufiicient thickness to resist buckling stress and, 
therefore, attention is called to the construction specifications and 
to the remarks made on page 180 as to shearing stresses in general. 

The tables which follow give first, a selected Hne of riveted beam 
girders of approximately twice the carrying capacity of the single 
beams of which the sections are built; second, a selected line of 
riveted plate girders of various depths and carrying capacities such 
as are customary in building work; third, elements of riveted plate 
girders of various depths from which it is possible to select econom- 
ical sections for almost any ordinary condition of loading. In 
addition to the properties, the first two tables give the safe loads in 
thousands of pounds imiformly distributed. 

In accordance with the construction specifications, these girder 
tables are based upon the section modulus of the gross area of the 
section, with bending stress allowed at 16,000 pounds per square inch. 
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RIVETED BEAM GIRDERS 

Allowable Uniform Load in Thousands of Pounds 
MaxMum Bending Stress 16000 Pounds per Square Inch 
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i^ 
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1 


Span 




^-' V V ^ 
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Q 


in 
Feet 


l-Beam 27"x83 lbs. 


l-Beanl 24"x80 Ibe. 


l-Beam 24"x80 lbs. 


1-Beam20"x801fa8. 


•3 


2-Plates ir'KJi" 


2-Plate8 W'-sM" 


2-Plates 10''x^" 


2-Plates WhYa!' 


.9 

6 






Increase 




Increase 




Increase 




Increase 


•« 






in Safe 




in Safe 




in Safe 




in Safe 


^ 






Loads for 




Loads for 




Loads for 




Loads for 


o 




Safe 
Loads 


He Inch 
Increase 

in 
Thickness 
of Flange 


Safe 
Loads 


He Inch 
Increase 

in 
Thickness 
of Flange 


Safe 
Loads 


He Inch 
Increase 

in 
Thickness 
of Flange 


Safe 
Loads 


He Inch 
Increase 

in 
Thickness 
of Flange 








Plates 




Plates 




Plates 




Plates 




15 


317 


15.2 


270 


12.3 


224 


10.1 


204 


8.4 


3.72 


16 


297 
280 


14.3 
13.4 


253 


11.5 
10.9 


210 
198 


9.5 
9.0 


191 
180 


7.9 

7.4 


4.24 


17 


238 


4.78 


18 


264 


12.7 


225 


10.3 


187 


8.4 


170 


7.0 


5.36 


19 


250 


12.0 


213 


9.7 


177 


8.0 


161 


6.6 


6.98 


20 


238 


11.4 
10.9 


203 
193 


9.2 

8.8 


168 
160 


7.6 
7.2 


153 
146 


6.3 
6.0 


6.62 


21 


227 


7.30 


22 


216 


10.4 


184 


8.4 


153 


6.9 


139 


6.7 


8.01 


23 


207 


9.9 


176 


8.0 


146 


6.6 


133 


6.5 


8.76 


24 


198 


9.5 


169 


7.7 


140 


6.3 


127 


6.3 


9.53 


25 


190 


9.1 


162 


7.4 


135 


6.1 


122 


6.0 


10.35 


26 


183 


8.8 


156 


7.1 


129 


6.9 


118 


4.8 


11.19 


27 


176 


8.4 


150 


6.8 


125 


6.6 


113 


4.7 


12.07 


28 


170 


8.1 


148 


6.6 


120 


5.4 


109 


4.6 


12.98 


29 


164 


7.9 


140 


6.4 


116 


6.2 


105 


4.3 


13.92 


30 


159 


7.6 


135 


6.2 


112 


5.1 


102 


4.2 


14.90 


31 


153 


7.4 


131 


6.0 


109 


4.9 


99 


4.1 


16.91 


32 


149 


7.1 


127 


5.8 


105 


4.8 


96 


3.9 


16.95 


33 


144 


6.9 


123 


5.6 


102 


4.6 


93 


3.8 


18.03 


34 


140 


6.7 


119 


5.4 


99 


4.5 


90 


3.7 


19.13 


35 


136 


6.6 


116 


5.3 


96 


4.3 


87 


3.6 


20.28 


Area 


42.41 inches2 


41.32 inches^ 


35.82 inchees 


38.73 inches^ 




Si-i 


446.0 inchees 


380.0 inches* 


315.5 inches)^ 


286.7 incheas 




Weight 


144.2 lbs. per ft. 


141.2 lbs. per ft. 


122.5 lbs. per ft. 


131.0 lbs. per ft. 





Safe loads above horizontal lines exceed the resistance of the web and girders should be 
provided with stiffeners; for limiting conditions, see explanatory notes, page 180 and specificatioDB, 
page 128. 

Weights given for girders do not include stiffeners, rivet heads or other details. 
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GIRDERS 



RIVETED BEAM GIRDERS— Concluded 



Allowable Uniform Load in Thousands op Pounds 
Maximum Bending Stress, 16000 Pounds per Square Inch 





r~io'---i 


.—9::-, 


^— .9^'-_., 


r — 8- — ♦; 






/l ^ ^ 


^-.j — 1+% <t> — i 


4— j — f^ f\\ \ 


. j i^^... Aj 








ir' 


1 > 

1 


T 


\\(^ 


i'V 






^ 1 

1 
1 


. _.I 


1 


1 




1 


>i 1 


.1 


1 


Span 


M 




i-4 


h=^ 


, A^^ 




1 


in 
Feet 


l^Beam20"x851bs. 
a-Plates 10" X H" 


1-Beaml8"x551b6. 
2-Plate8 9"xH" 


1-Beaml5"x601be. 
2-Plates9"x^" 


l.Beaml6"x421be. 
2-Plate8 8"xH" 


•8 

9 




Safe 
Loads 


Increase 

in Safe 

Loads for 

Me Inch 

Increase 

in 

Thickness 

of Flange 

PUtes 


Safe 
Loads 


Increase 
in Safe 
Loads for 
Me Inch 
Increase 

in 

Thickness 

of Flange 

Plates 


Safe 
Loads 

1 

( 


Increase 
in Safe 
Loads for 
Me Inch 
Increase 

in 

Thickness 

ol Flange 

Plates 


Safe 
Loads 


Increase 
in Safe 
Loads for 
Me Inch 
Increase 

in 

Thickness 

of Flange 

Plates 


'« 


10 


251 


12.7 


196 


10.3 


170 


8.5 


123 


7.6 


1.66 


11 


228 
209 


11.6 

10.6 

9.8 


178 


9.4 
8.6 
7.9 


155 " 

142 

131 


7.7 
7.1 
6.5 


112 

102 

95 


6.9 
6.4 
5.9 


2.00 


12 


164 
151 


2.38 


13 


193 


2.80 


14 


179 


9.1 


140 


7.4 


122 


6.1 


88 


5.5 


3.24 


15 


167 


8.5 


131 


6.9 


113 


5.7 


82 


5.1 


3.72 


16 


157 


8.0 


123 


6.5 


106 


5.3 


77 


4.8 


4.24 


17 


148 


7.5 


115 


6.1 


100 


5.0 


72 


4.5 


4.78 


18 


139 


7.1 


109 


5.7 


95 


4.7 


68 


4.2 


5.36 


19 


132 


6.7 


103 


5.4 


90 


4.5 


66 


4.0 


5.98 


20 


125 


6.4 


98 


6.2 


85 


4.3 


61 


3.8 


6.62 


21 


119 


6.1 


93 


4.9 


81 


4.0 


59 


3.6 


7.30 


22 


114 


6.8 


89 


4.7 


77 


3.9 


56 


3.5 


8.01 


23 


109 


5.5 


85 


4.5 


74 


3.7 


53 


3.3 


8.76 


24 


105 


5.3 


82 


4.3 


71 


3.5 


51 


3.2 


9:53 


25 


100 


5.1 


79 


4.1 


68 


3.4 


49 


3.1 


10.36 


26 


97 


4.9 


76 


4.0 


65 


3.3 


47 


2.9 


11.19 


27 


93 


4.7 


73 


3.8 


63 


3.1 


46 


2.8 


12.07 


28 


90 


4.6 


70 


3.7 


61 


3.0 


44 


2.7 


12.98 


29 


87 


4.4 


68 


3.6 


59 


2.9 


42 


2.6 


13.92 


30 


84 


4.2 


65 


3.4 


57 


2.8 


41 


2.5 


14.90 


Area 

Si-i 
Weight 


31.58 inches^ 
235.2 inches^ 
107^ lbs. per ft. 


27.18 inchesz 
184.1 inches^ 
93.3 lbs. per ft. 


28.92 inches^ 
159.5 inchess 
98.3 lbs. per ft. 


20.48 incbess 
115.3 inchess 
69.2 lbs. per ft. 





Safe loads above horizontal lines exceed the resistance of the web and girders should be 
provided with stiffeners; for limiting conditions, see explanatory notes, page 180, and specifications, 
page 128. 

Weights given for girders do not include stiffeners, rivet heads or other details. 
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CARNEQIE STEEL COMPANY 



RIVETED PLATE GIRDERS 

Safe Loads in Thousands op Pounds Uniformly Distributed 
Maximum Bending Stress, 16000 Pounds Per Square Inch 



Span 

in 

Feet 



20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
30 
40 



Area,in.2 

Si-i,in8 

Wt.per 

Ft.,Lb8. 



--14'-'-^ 




lis 



•€ 



23S 



325 
310 



296 
283 
271 
260 

250 
241 
232 
224 
217 

210 
203 
197 
191 
186 

181 
176 
171 
167 
163 



55.50 
e09.7 

188.9 



Dimensions in Inches 



II 

lis 

511 

» OS rt 



331 

315 
301 
288 
276 
265 

255 
245 
236 
228 
221 

214 
207 
201 
195 
189 

184 
179 
174 
170 
166 



52.19 
620.6 

177.8 
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301 

287 
274 
262 
251 
241 

232 
223 
215 
208 
201 

194 
188 
183 
177 
172 



47.75 
565.1 

162.6 



S 

ill 

,0 a a^ 
» 08 a 



274 

261 
249 
238 
228 
219 

211 
203 
196 
189 
183 

177 
171 
166 
161 
157 



167 
163 


152 


148 


159 


144 


155 


141 


151 


137 



44.25 
514.0 

150.7 



S 






196 

187 
178 
171 
164 
167 

151 



145 
140 
135 
131 

127 
123 
119 
115 
112 

109 
106 
103 
101 
98 



34.69 
368.1 

118.3 



Pm p. ft 



® 0- w 

223 



196 

186 
178 
170 
163 
156 

150 
145 
140 









33 



135 
130 

126 
122 
119 
115 
112 

109 
106 
103 
100 

98 



34.70 
366.7 

118.1 



290 

285 
272 



260 
249 
239 

230 
222 
214 
206 
199 

193 
187 
181 
176 
171 

166 
162 
157 
153 
150 



54.50 
560.7 

185.5 



8, 
^|)§> 

(» e« c8 



278 

265 
253 
242 
232 
223 

214 
206 
199 
192 
186 

180 
174 
169 
164 
159 

155 
150 
147 
143 
139 



47.00 
521.9 

160.0 



6.62 

7.30 
8.01 
8.76 
9.53 
10.35 

11.19 
12.07 
12.98 
13.92 
14.90 

15.91 
16.95 
18.03 
19.13 
20.28 

21.45 
22.66 
23.90 
25.18 
26.48 



Safe loads above horizontal lines exceed the end resistance and girders should be provided 
with stiffeners; for limiting conditions, see explanatory notes, page 229, and specifications, page 128. 

Weights given for girders do not include stiffeners, rivet heads, or other details. 
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RIVETED PLATE GIRDERS— Continued 

Safe Loads in Thousands op Pounds Uniformly Distributed 
Maximum Bending Stress. 16000 Pounds Per Square Incli 



Spaa 

in 
Feet 



20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 



Area,in.2 

Si-i.in.a 

Wt. per 

Ft.,Lbe. 



^14% 





O^N 






253 

241 
230 
220 
211 
202 

195 
187 
181 
174 
169 

163 
158 
153 
149 
145 

141 
137 



133 
130 

126 



43.50 
474.3 

148.1 



1*12%'; 






,^10%^ 



S3 



Jk. 



r- M% 




r*- 14"- 




ft 

r^l2-! 



^^^Sk 



Dimensions in Inches 



1 







224 

214 
204 
195 
187 
180 

173 
166 
160 
155 
150 

145 
140 
136 



132 
128 

125 
121 
118 
115 
112 



I 



38.94 
420.8 

132.5 




Cs|C0 

^4 



152 

144 
138 



132 
126 
121 

117 
112 
108 
105 
101 

98 
95 
92 
89 
87 

84 
82 
80 
78 
76 






29.50 
284.3 

100.5 



^( 



133 

127 
121 
116 
111 
106 

102 
98 
95 
92 
89 

86 
83 
81 
78 
76 

74 
72 
70 
68 
66 






26.50 
249.1 

90.1 



-IS 

ill 



CD K"* 

!3S 



232 

221 
211 
202 
193 
186 

178 
172 
159 
160 
155 

150 
145 
141 
136 
133 

129 
125 



122 
119 
116 







206 

196 
187 
179 
172 
165 

158 
153 
147 
142 
137 

133 
129 
125 







182 

173 
166 
158 
152 
146 

140 
135 
130 
126 



121 
118 

114 
111 
108 
106 
103 



42.76 
435.1 

145.6 



38.19 
386.1 

130.0 



121 

118 
114 
110 
107 
104 

101 
98 
96 
93 
91 




^4cJi 



159 

151 
144 
138 
132 
127 



34.69 
341.5 

118.1 



122 
118 
114 
110 
106 

103 
99 
96 
93 
91 

88 
86 
84 
81 
79 



a 
o 

I 



30.95 
298.0 

105.4 



6.62 

7.30 
8.01 
8.76 
9.53 
10.35 

11.19 
12.07 
12.98 
13.92 
14.90 

15.91 
16.95 
18.03 
19.13 
20.28 

21.45 
22.66 
23.90 
25.18 
26.48 



Safe loada above horizontal lines exceed the end resistance and girders should be provided 
with stiffeners; for limiting conditions, see explanatory notes, page 229, and specifications, page 128. 

Weights given for girders do not include stiffeners, rivet heads, or other details. 
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CARNEGIE STEEL COMPANY 



RIVETED PLATE GIRDERS— Concluded 

Safe Loads in Thousands of Pounds Uniformly Distributed 
Maximum Bending Stress, 16000 Pounds Per Square Inch 
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rlo%^' 


^12^'-. 


--12", 


r-12--, 




rW^, 


pio%;; 
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P- 
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I'^f 


IV 


t'w- 
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nr 
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'i 




'i 




5! 




^i! 
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'i 
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s 




S§ 
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1 




^ 




^ 




S 




^ 




■B 




iJ 


L. 


U 


^ 


M 


h 


1^ 


i^ 


i^^ 


iJL 


i.JL 


J 


Span 


1 1 








1 


o 


in 


Dimensions in Inches 




f 


Feet 


J 


s 

SB 


^1 

Qu 0) O 


II 


Ms 


eb Plate 
ange Angles 
ange Plates 


E & 


s 


.2 




ti 




^ 6 ) bO 




_ bO 

^E 


•SJ 






^S 


^ES 


^ES 


^ES 


^E 








^ 


:^ 


:« 


:^ 


:^ 


^ 


:^ 






^i 


:^3: 


»;:^ 


:^:5; 


:!?:§:« 


;^;^ 


:^ 


:i^ 






«S 


<g^ 




l«<^ 


:§«<^ 


^•R^ 


1^ 
^3 


23 








22 


23S 


22S 
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20 


138 


121 


202 


183 


163 


144 


109 


88 


6.62 


21 


131 


115 


192 


175 


155 


138 


104 


84 


7.30 


22 


126 


110 
106 
101 


184 
176 
168 


167 
159 
153 


148 
142 
136 


131 
126 


99 
95 
91 


80 
77 
74 


8.01 


23 


120 
115 


8.76 


24 


120 


9.63 


25 


110 


97 


162 


147 


131 


116 


87 


71 


10.35 


26 


106 
102 


93 
90 


155 
150 


141 
136 


126 


111 
107 


84 
81 


68 
65 


11.19 


27 


121 


12.07 


28 


99 


86 


144 


131 


117 


103 


78 


63 


12.98 


29 


95 
92 


83 
81 


139 
135 


126 


113 
109 


100 
96 


75 
73 


61 
69 


13.92 


30 


122 


14.90 


31 


89 


78 


130 


118 


105 


93 


70 


67 


15.91 


32 


86 
84 


76 
73 


126 


115 
111 


102 
99 


90 

88 ' 


68 
66 


65 
63 


16.96 


33 


122 


18.03 


34 


81 


71 


119 


108 


96 


85 


64 


62 


19.13 


35 


79 


69 


115 


105 


93 


83 


62 


60 


20.28 


36 


77 


67 


112 


102 


91 


80 


61 


49 


21.45 


37 


76 


65 


109 


99 


88 


78 


59 


48 


22.66 


38 


73 


64 


106 


96 


86 


76 


67 


46 


23.90 


39 


71 


62 


104 


94 


84 


74 


66 


45 


25.18 


40 


69 


60 


101 


92 


82 


72 


65 


44 


26.48 


Area,in.2 


28.76 


25.75 


40.00 


37.00 


33.20 


30.20 


25.00 


21.20 


• 


8i-i,in.8 


258.9 


226.6 


378.5 


343.6 


306.1 


270.9 


204.6 


165.5 




Wt.per 
Ft., Lbs. 


98.0 


87.6 


136.0 


125.8 


113.0 


102.8 


85.0 


72.2 





Safe loads above horixontal lines exceed the end resistance and girders should be provided 
with stiffeners; for limiting conditions, see explanatory notes, page 229, and specifications, page 128. 

Weights given for girders do not include stiffeners, rivet heads, or other detaila. 
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RIVETED PLATE GIRDERS 

To obtain a girder suitable to carry any specified 
loading, determine the maximum end reaction in pounds 
and the maximum bending moment in inch-pounds. 

Select from the table a girder having the desired 
depth, a thickness of web as determined by the maximum 
end reaction and a suitable section modulus as deter- 
mined by dividing the bending moment by the permissible 
stress per square inch. 

For limiting conditions see explanatory notes, page 
229. and specifications, page 128. 

Weights given do not Include stiff eners. rivet heads, 
or other details. 









Weight per Foot, 


Maximum 


Section 


Siie in Inohee 




Pounds 


End 


Modulus, 








Reaction 












• 










Web Plate 




in 


Axis 1-1. 
InohesB 


Web 
Plate 


Flange 
Angles 


Flange 
Plates 


and 
Flange 
Angles 


Flange 
PUtes 


Thousands 

of 

Pounds 


136.6 




4x 3 xH 




69.5 




50.6 


168.6 




4x 3 xH 




69.9 




50.6 


198.7 




5x3HxH 




79.9 




60.6 


236.1 


24x%e 


5x3HxH 




92.7 




50.6 


238.0 




6x3HxH 


12 xH 


79.9 


40.8 


50.6 


372.9 




5x3HxH 


12 x^ 


79.9 


51.0 


50.6 


408.5 




5x3HxH 


12 xH 


92.7 


51.0 


50.6 


142.5 




4x 3 xH 




64.6 




60.8 


165.5 




5x3HxH 




72.2 




60.8 


174.5 




4x 3 xH 




75.0 




60.8 


204.5 




4x 3 x^ 




85.0 




60.8 


204.6 




5x3HxH 




85.0 




60.8 


242.0 


24 xH 


5x3Hx^ 




97.8 




60.8 


270.9 




5xSHxH 


12 xH 


72.2 


30.6 


60.8 


306.1 




5x3HxH 


12 xH 


72.2 


40.8 


60.8 


343.6 




5xSj4x}4 


12 xH 


85.0 


40.8 


60.8 


378.5 




5x3HxH 


12 x^ 


85.0 


61.0 


60.8 


414.1 




5x3HxH 


12 xH 


97.8 


51.0 


60.8 


151.5 




4x 3 x% 




61.6 




56.3 


176.8 




5x3HxH 




69.2 




56.3 


186.6 




4x 3 xH 




72.0 




56.3 


201.2 




6x 4 xVs 




76.8 




56.3 


219.6 




5x3HxH 




82.0 




66.3 


252.0 




6x 4 xH 




92.4 




56.3 


. 260.7 




5x3HxH 




94.8 




66.3 


291.3 


26x^6 


5x3Hx^ 


12 xH 


69.2 


30.6 


66.3 


301.0 




6x 4 xM 




107.6 




56.3 


329.5 




5x3HxH 


12 xH 


69.2. 


40.8 


66.3 


334.8 




6x 4 xH 


14 xH 


76.8 


35.7 


56.3 


370.7 




5x3HxH 


12 xH 


82.0 


40.8 


56.3 


379.4 




6x 4 xH 


14 xH 


76.8 


47.6 


56.3 


408.0 




5x3Hx^ 


12 xH 


82.0 


51.0 


56.3 
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RIVETED PLATE GIRDERS— Continued 


Section 


Size in Inches 




Weight per Foot, . 
Pounds 


Maximum 
End 


Modulus, 










Reaction 












Axis 1-1, 

9 % t% 


Web 


Flange 


Flange 


Web PUte 
and 


Flange 


in 

Thousands 

of 

Pounds 


Inches^ 


Plate 


Angles 


Plates 


Flange 
Angles 


PUtes 


428.4 




6x 4 xM 


14 xH 


92.4 


47.6 


56.3 


447.9 




5x3Hx^ 


12 x^ 


94.8 


51.0 


ad.3 


472.7 


26x%e 


6x 4 xH 


14. xH 


92.4 


59.5 


66.3 


519.5 




6x 4 xH 


Ux^g 


107.6 


59.5 


56.3 


563.4 




6x 4 xH 


14 XM 


107.6 


71.4 


66.3 


158.5 




4x 3 xH 




67.2 




67.5 


183.8 




5x3HxH 




74.8 




67.5 


193.5 




4x 3 xH 




77.6 




67.5 


208.1 




6x 4 xH 




82.4 




67.5 


226.5 




4x 3 xH 




87.6 




67.5 


226.6 




5x3HxH 




87.6 




67.5 


258.9 




6x 4 xH 




98.0 




67.5 


267.6 




SxBHxH 




100.4 


« 


67.5 


298.0 




5x3Hx^ 


12 xH 


74.8 


30.6 


67.5 


307.9 




6x 4 xH 




113.2 




67.5 


336.2 




5x3Hx5i 


12 xH 


74.8 


40.8 


67.5 


341.5 


26 xH 


6x 4 xH 


14 xH 


82.4 


35.7 


67.5 


354.4 




6x 4 x% 




127.6 




67.5 


377.4 




6x3>^xH 


12xJ4 


87.6 


40.8 


67.6 


386.1 




6x 4 xH 


14xJ4 


82.4 


47.6 


67.5 


416.2 




5x3Hxyi 


12 xi^ 


.87.6 


51.0 


67.5 


435.1 




6x 4 xH 


14 xH 


98.0 


47.6 


67.5 


454.5 




5x3}4xH 


12 x^ 


100.4 


51.0 


67.5 


479.3 




6x 4 xH 


14 xH 


98.0 


59.5 


67.5 


526.1 


, 


6x 4 xH 


14 xi^ 


113.2 


59.5 


67.5 


569.9 




6x 4 xH 


14 x% 


113.2 


71.4 


67.5 


613.9 




6x 4 xH 


14x5i 


127.6 


71.4 


67.5 


200.4 




4x 3 xH 




83.1 


. 


78.8 


233.4 




4x 3 xH 




93.1 




78.8 


233.5 




5x3HxH 




93.1 




78.8 


265.8 




6x 4 xH 




103.5 




78.8 i 


274.5 




5x3^x5^ 




105.9 




78.8 


314.8 




6x 4 x% 




118.7 




78.8 


361.3 




6x 4 x% 




133.1 




78.8 ' 


384.0 


26 X %e 


5x3HxH 


12xJ4 


93.1 


40.8 


78.8 


421.8 




5x3^xH 


12 xH 


93.1 


51.0 


78.8 


441.7 




6x 4 xH 


14. xH 


103.5 


47.6 


78.8 


461.1 




5x3J^xH 


12 x^ 


105.9 


51.0 


78.8 


485.9 




6x 4 xH 


14x5i 


103.5 


59.5 


78.8 


532.7 




6x 4 xH 


14x5^ 


118.7 


59.5 


78.8 , 


576.6 




6x 4 xH 


14x Ji 


118.7 


71.4 


78.8 


620.6 




6x 4 x^ 


14 x^ 


133.1 


71.4 


78.8 
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RIVETED PLATE GIRDERS— Continued 


Section 


Sue in Inches 




Weight per Foot, 
Pounds 


Maximum 
End 


Modulus, 










Reaction 












AtIsI-I, 


• Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


Inches^ 


Plate 


Angles 


Plates 


Flange 
Angles 


Plates 


185.6 




5x3HxH 




70.3 




66.3 


211.0 




6x 4 xH 




77.9 




66.3 


230.3 




5x3HxH 




83.1 




56.3 


264.1 




6x 4 xH 




93.5 




66.3 


273.2 




5xSHxH 




95.9 




66.3 


304.5 




5x3HxM 


12 x^ 


70.3 


30.6 


66.3 


315.3 




6x 4 x^ 




108.7 


* 


66.3 


344.2 




6x3Hx^g 


12 xH 


70.3 


40.8 


66.3 


349.S 


27x%6 


6x 4 x% 


14x5^ 


77.9 


35.7 


56.3 


387.3 




5x3>^xH 


12 xH 


83.1 


40.8 


66.3 


396.2 




6x 4 xH 


14 xH 


77.9 


47.6 


66.3 


426.7 




5x3>4xH 


12 x^ 


83.1 


51.0 


66.3 


447.4 




6x 4 xH 


14 xH 


93.5 


47.6 


66.3 


467.7 




SxSHxH 


12 x% 


95.9 


61.0 


66.3 


493.4 




6x 4 x>^ 


14 x^ 


93.5 


69.6 


66.3 


542.4 




6x 4 x^ 


14x5i 


108.7 


69.5 


66.3 


588.0 




6x 4 x^ 


14. xH 


108.7 


71.4 


66.3 


193.1 




5x3}ixH 




76.0 




67.6 


218.5 




6x 4 x^ 




83.6 




67.6 


237.8 




6x3HxH 




88.8 




67.6 


271.5 




6x 4 x>^ 




99.2 




67.6 


280.6 




dxSHxH 




101.6 




67.6 


311.7 




5xSHxH 


12 xH 


76.0 


30.6 


67.6 


322.7 




6x 4 x^ 




114.4 




67.5 


351.4 




SxSyixH 


12 xM 


76.0 


40.8 


67.6 


367.1 


r^mm tt ^ 


6x 4 xH 


14 xM 


83.6 


36.7 


67.6 


371.4 


27 xH 


6x 4 xM 




128.8 




67.6 


394.5 




5x33^x3^ 


12 xH 


88.8 


40.8 


67.6 


403.4 




6x 4 xM 


14 xH 


83.6 


47.6 


67.5 


417.9 




6x 4 x% 




143.2 




67.5 


433.8 




6X334XM 


12 x^ 


88.8 


61.0 


67.6 


454.6 




6x 4 xH 


14 xH 


99.2 


47.6 


67.5 


474.8 


. 


5xSHxys 


12 xH 


101.6 


61.0 


67.5 


600.5 




6x 4 xH 


14 xM 


99.2 


69.6 


67.5 


649.5 




6x 4 x5^ 


14x5i 


114.4 


69.5 


67.5 


695.1 




6x 4 xH 


14 xM 


114.4 


71.4 


67.5 


641.2 




6x 4 xH 


14 x^ 


128.8 


71.4 


67.5 


245.2 


• 


5x3HxH 




94.6 




78.8 


279.0 


27 X %e 


6x 4 xH 




105.0 




78.8 


288.1 


^ ■ •• / A V 


5x3Hx^ 




107.4 




78.8 


330.2 




6x 4 x^ 




120.2 




• 78.8 
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CARNEGIE STEEL COMPANY 



RIVETED PLATE GIRDERS— Continued 



Section 
Modulus, 


Siie in Inches 


Weight per Foot* 
Pounds 


End 
Reaction 












AxisM, 


Web 


FUr^e 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


Inches^ 


Plate 


Angles 


Plates 


Flange 
Angles 


Plates 


378.8 




6x 4 xH 




134.6 




78.8 


401.7 




5x3HxH 


12 xH 


94.6 


40.8 


78.8 


425.3 




6x 4 xJi 




149.Q 


. 


78.8 


440.9 




5x3HxH 


12x5^ 


94.6 


61.0 


78.8 


461.8 


27 X %o 


6x 4 xH 


14 xH 


105.0 


47.6 


78.8 


482.0 




5x3Hx% 


12 xH 


107.4 


61.0 


78.8 


607.7 




6x 4 xH 


14. xH 


105.0 


69.6 


78.8 


556.6 




6x 4 xH 


14 xH 


120.2 


69.5 


78.8 


602.4 




6x 4 xH 


14 xH 


120.2 


71.4 


78.8 


648.2 




6x 4 xH 


14. xH 


134.6 


71.4 


78.8 


104.5 




5x3HxH 




71.4 




56.3 


221.0 




6x 4 xH 




79.0 




56.3 


241.1 




5x3HxM 




84.2 




56.3 


276.3 




6x 4 xH 




94.6 




56.3 


285.8 




5x3Hx^ 




97.0 




56.3 


317.8 




5x3HxH 


12 xH 


71.4 


30.6 


56.3 


329.7 




6x 4 xH 




109.8 




56.3 


359.0 




5x3Hx^ 


12xJ4 


71.4 


40.8 


56.3 


365.0 


28x%e 


6x 4 xH 


14 x^ 


79.0 


35.7 


66.3 


404.0 




5x3HxH 


12 xH 


84.2 


40.8 


66.3 


413.1 




6x 4 xH 


14 xH 


79.0 


47.6 


56.3 


444.8 




5x3HxH 


12 x^ 


84.2 


61.0 


56.3 


466.5 




6x 4 xH 


14 xH 


94.6 


47.6 


56.3 


487.6 




6x3^x5^ 


12 x^ 


97.0 


61.0 


66.3 


514.2 




6x 4 xH 


14 x^ 


94.6 


59.5 


56.3 


565.4 




6x 4 xH 


14 x^ 


109.8 


69.6 


56.3 


612.7 




6x 4 xH 


14x5i 


109.8 


71.4 


66.3 


202.5 




5xSH^H 




77.3 




67.6 


229.0 




6x 4 x^l 




84.9 




67.5 


249.1 




5x3HxJ4 




90.1 




67.5 


284.3 




6x 4 x>^ 




100.6 




67.6 


293.8 




5x3Hx^^ 




102.9 




67.6 


325.6 




5x3HxH 


12 xH 


77.3 


30.6 


67.6 


337.7 


28 xH 


6x 4 xH 




116.7 




67.6 


366.7 




5x3Hx^ 


12 xH 


77.3 


40.8 


67.6 


372.8 




6x 4 x^ 


14 xH 


84.9 


35.7 


67.5 


388.5 




6x 4 xH 




130.1 




67.5 


411.7 




5x3HxH 


12 xH 


90.1 


40.8 


67.5 


420.8 




6x 4 xH 


14 xH 


84.9 


47.6 


67.5 


437.0 




6x 4 x^ 




144.5 




67.5 


452.5 




5x3MxH 


12 xH 


90.1 


61.0 


67.6 
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RIVETED PLATE GIRDERS— Continued 



Section 
Modulus, 


Sim in Inches 


Weight per Foot, 
Pounds 


Maximum 

End 
Reaction 












Axis 1-1. 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


IncheaB 


Plates 


Angles 


Plates 


Flange 
Angles 


Plates 


474.3 




6x 4 xH 


14 xH 


100.5 


47.6 


67.6 


495.3 




5x3HxH 


12 xH 


102.9 


51.0 


67.5 


521.9 


28 x^ 


6x 4 xH 


14 x^ 


100.5 


59.5 


67.5 


673.1 




6x4 xH 


14 x^ 


115.7 


59.5 


67.5 


620.4 




6x 4 xH 


14x5i 


115.7 


71.4 


67.5 


668.6 




6x 4 xM 


14x5i 


130.1 


71.4 


67.6 


267.1 




5x3HxH 




96.1 




78.8 


292.4 




6x 4 xH 




106.5 




78.8 


301.8 




5x3Hx5i 




108.9 




78.8 


345.8 




6x 4 x^ 




121.7 




78.8 


396.5 




6x 4 xH 




136.1 




78.8 


419.5 




5x3HxH 


12 xH 


96.1 


40.8 


78.8 


445.1 


28 X 7^6 


6x 4 xH 




150.5 




78.8 


460.2 




5x3HxH 


12 x^ 


96.1 


51.0 


78.8 


482.0 




6x 4 xH 


14 xM 


106.5 


47.6 


78.8 


603.0 




6x3^x5^ 


12 X ^ 


108.9 


51.0 


78.8 


629.6 




6x 4 xH 


14 X 5^ 


106.5 


59.5 


78.8 


680.8 




6x 4 x^ 


14 x^ 


121.7 


59.5 


78.8 


628.0 




6x 4 xM 


14: xH 


121.7 


71.4 


78.8 


676.2 




6x 4 xH 


14. xH 


136.1 


71.4 


78.8 


221.8 




5x3Hx^ 




79.9 




74.3 


250.5 




6x 4 x^ 




87.5 




74.3 


272.1 


. 


5x3HxJ4 




92.7 




74.3 


310.3 




6x 4 xH 




103.1 




74.3 


320.5 




5x3HxH 




105.5 




74.3 


353.8 




5x3}ixH 


12 xH 


79.9 


30.6 


74.3 


366.2 




5x3}ixH 




117.5 




74.3 


368.1 




6x 4 xH 




118.3 




74.3 


397.8 




5x3HxH 


12 xH 


79.9 


40.8 


74.3 


404.7 




6x 4 x^ 


14 xj^ 


87.5 


35.7 


74.3 


423.1 


30 X ^ 


6x 4 xM 




132.7 




74.3 


446.6 




5x3HxJ^ 


12 xH 


92.7 


40.8 


74.3 


456.1 




6x 4 xH 


14 X H 


87.5 


47.6 


74.3 


475.8 




6x 4 x% 




147.1 




74.3 


490.3 




5x3HxH 


12 x ^ 


92.7 


51.0 


74.3 


614.0 


• 


6x 4 xJ4 


14 xH 


103.1 


47.6 


74.3 


636.7 


- 


5x3^x^ 


12 x^ 


105.5 


51.0 


74.3 


665.1 




6x 4 xi^ 


14x^1 


103.1 


59.5 


74.3 


620.6 




6x 4 xH 


14x^1 


118.3 


59.5 


74.3 


671.3 




6x 4 x^ 


14x Ji 


118.3 


71.4 


74.3 


723.8 




6x 4 xH 


14x9i 


132.7 


71.4 


74.3 
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CARNEGIE STEEL COMPANY 



RIVETED PLATE GIRDERS— Continued 




Section 
Modulus, 


Size in Inches 


Weight per Foot, 
Pounds 


Maximum 

End 
Reaction 












Axis 1-1, 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


InchesB 


Plates 


Angles 


Plates 


Flange 
Angles 


Plates 


281.4 




5x3HxH 




99.0 




86.6 


319.6 




6x 4 x}i 




109.4 




86.6 


329.7- 




5x3Hx5i 




111.8 




86.6 


375.6 




5x3Hx5i 


• 


123.8 




86.6 


377.3 




Ox 4 xH 




124.6 




86.6 


432.3 




6x 4 xH 




139.0 




86.6 


455.6 




5x33^xH 


12 xH 


99.0 


40.8 


86.6 


485.0 


30 X Tie 


6x 4 xVs 




163.4 




86.6 


499.2 




6x3HxH 


12x5^ 


99.0 


51.0 


86.6 


523.0 




6x 4 xj4 


14 xH 


109.4 


47.6 


86.6 


645.6 




6x3HxH 


12 xH 


111.8 


51.0 


86.6 


574.0 




6x 4 xJ4 


14x5^ 


109.4 


59.5 


86.6 


629.6 




6x 4 xH 


14x5i 


124.6 


59.5 


86.6 


680.1 




6x 4 xH 


14xJi 


124.6 


71.4 


86.6 


732.6 




6x 4 x% 


14: xH 


139.0 


71.4 


86.6 


290.6 




5x3>4xH 




105.4 




99.0 


328.8 




6x 4 xH 




115.8 




99.0 


338.9 




5x3HxH 




118.2 




99.0 


384.7 




5x3>4xJi 




130.2 




99.0 


386.6 




6x 4 x^ 




131.0 




99.0 


441.5 




6x 4 xM 




145.4 




99.0 


464.4 




5x33^xH 


12 xH 


105.4 


40.8 


99.0 


494.2 


30 xH 


6x 4 xK 




159.8 




99.0 


608.0 




6x3HxJ4 


12 xH 


105.4 


51.0 


99.0 


531.0 




6x 4 xM 


14 xM 


115.8 


47.6 


99.0 


654.5 




SxSH^H 


12 x^ 


118.2 


51.0 


90.0 


682.8 




6x 4 x>4 


14 x^ 


115.8 


59.5 


99.0 


038.3 




6x 4 x5^ 


14: xH 


131.0 


59.5 


99.0 


688.9 




6x 4 x5^ 


14 xH 


131.0 


71.4 


99.0 


741.3 




6x 4 xH 


14 xM 


145.4 


71.4 


99.0 


261.7 




SxSHxH 




83.7 




81.0 


283.7 




6x 4 x^g 




91.3 




81.0 1 


307.7 




5x3>4xM 




96.5 




81.0 


308.4 




6x 6 x^ 




101.7 




121.5 


350.3 




6x 4 x^ 




106.9 




81.0 


361.5 


33 X ^ 


6x3Hx5i 




109.3 




81.0 


383.6 




6x 6 xH 




120.5 




121.5 


396.9 




6x3>4x^ 


12 xH 


83.7 


30.6 


81.0 


412.5 




5x3>4x5i 




121.3 




81.0 


414.7 




Ox 4 x^ 




122.1 




81.0 


445.5 




5x3HxH 


12 xH 


83.7 


40.8 


81.0 


453.4 


6x 4 xH 


14 x^ 


91.3 


36.7 


81.0 
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RIVETED PLATE GIRDERS— Continued 


Section 
Ikfodulua, 


Site in Inches 


Weight per Foot, 
Foimda 


Maximum 

End 
Reactbn 












Axis 1-1, 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

of 
Pounds 


Inches' 


Plate 


Angles 


Plates 


Flange 
Angles 


Plates 


455.9 




6x 6 xH 




138.9 




121.5 


476.1 




6x 4 xM 




136.5 




81.0 


477.6 




Ox 6 x^ 


14 x^ 


101.7 


35.7 


121.6 


499.8 




5x3yixH 


12x J4 


96.5 


40.8 


81.0 


610.0 




6x 4 xH 


14 xM 


91.3 


47.6 


81.0 


525.4 




6x 6 xH 




156.9 




121.5 


634.1 




6x 6 xH 


14 xH 


101.7 


47.6 


121.5 


548.0 




5x3HxH 


12 xH 


96.5 


61.0 


81.0 


574.7 




6x 4 xyi 


14 xH 


106.9 


47.6 


81.0 


690.6 


tf^«% • ^ 


6x 6 x% 


14x5i 


101.7 


59.5 


121.5 


592.6 


33 X ^^ 


6x 6 xH 




174.5 




121.5 


599.9 




5x3>4x^i 


12 x^ 


109.3 


51.0 


81.0 


607.1 




6x 6 x}4 


14 xH 


120.5 


47.6 


121.5 


630.9 




6x 4 x}i 


14 xH 


106.9 


59.5 


81.0 


663.1 




6x 6 xVi 


14 x^ 


120.5 


59.5 


121.5 


693.0 




6x 4 xVa 


14 x^ 


122.1 


59.5 


81.0 


719.2 




Gx 6 xH 


14 xH 


120.5 


71.4 


121.5 


732.7 




Qx 6 x^ 


14 xH 


138.9 


59.5 


121.5 


748.9 




6x 4 x5^ 


14 xH 


122.1 


71.4 


81.0 


788.3 




6x 6 xH 


14 X M 


138.9 


71.4 


121.5 


807.6 




6x 4 xM 


14 X M 


136.5 


71.4 


81.0 


854.9 




6x 6 xH 


14 xH 


156.9 


71.4 


121.5 


318.9 




5x3HxH 




103.5 




94.5 


361.6 




6x 4 xH 




113.9 




94.5 


372.7 




5x3Hx^ 




116.3 




94.5 


394.8 




6x 6 xH 




127.5 




141.8 


423.7 




5x3Hx^ 




128.3 




94.5 


425.8 




6x 4 x^ 




129.1 




94.5 


467.0 




6x 6 x^ 




145.9 




141.8 


487.2 




Gx 4 xM 




143.5 




94.5 


510.7 


33 X Tie 


BxSy^xH 


12 xH 


103.5 


40.8 


94.5 


536.6 




Gx 6 xM 




163.9 




141.8 


658.8 




5x3J^xH 


12x5^ 


103.5 


51.0 


94.5 


585.6 




6x 4 xH 


14 xH 


113.9 


47.6 


94.5 


603.8 




6x 6 xJi 




181.5 




141.8 


610.6 




5x3Hx^ 


12 xH 


116.3 


51.0 


94.5 


617.9 




6x 6 xH 


14 x>^ 


127.5 


47.6 


141.8 


641.7 




6x 4 xK 


14 xM 


113.9 


59.5 


94.5 


673.9 




6x 6 x^ 


14 xH 


127.5 


59.5 


141.8 


703.8 

- 




6x 4 xH 


14 x^ 


129.1 


59.5 


94.5 
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CARNEGIE STEEL 


COMPANY 




RIVETED PLATE GIRDERS— Continued 


Section 


Sue in Inches 




Weight per Foot, 
Pounds 


Maximum 
End 


ModuIuB, 










Reaction 












Axis 1-1, 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

ThousandB 

of 

Pounds 


Inches^ 


Plates 


Angles 


Plates 


Flange 
Angles 


Plates 


729.9 




6x 6 xH 


14xJi 


127.5 


71.4 


141.8 


743.6 




6x 6 xH 


14 xH 


145.9 


59.5 


141.8 


759.6 


33 X 7^6 


6x 4 x^ 


14x 5i 


129.1 


71.4 


94.5 


799.0 




6x 6 xH 


14 x% 


145.9 


71.4 


141.8 


818.3 




6x 4 xH 


14 xM 


143.6 


71.4 


94.5 


865.6 




6x 6 xH 


14x5i 


163.9 


71.4 


141.8 


330.0 




SxSHxH 




110.5 


• 


108.0 


372.6 




6x 4 xH 




120.9 




108.0 


383.9 




5x3HxH 




123.3 




108.0 


406.0 




6x 6 xH 




134.5 




162.0 


434.9 




5x3Hx^ 




135.3 




108.0 


437.0 




6x 4 xH 




136.1 




108.0 


478.2 




6x 6 xH 




152.9 




162.0 


498.4 




6x 4 xH 




160.5 




108.0 


521.6 




bxZyix^i 


12 xH 


110.5 


40.8 


108.0 


547.8 < 




6x 6 x% 




170.9 




162.0 


569.6 




5x3HxH 


12x$i 


110.5 


61.0 


108.0 


596.4 


33 X H 


6x 4 xH 


14 xH 


120.9 


47.6 


108.0 1 


615.0 




6x 6 xVs 




188.5 




162.0 1 


621.4 




5x3Hx^ 


12 x^ 


123.3 


51.0 


108.0 


628.8 




6x 6 xH 


14: x}^ 


134.5 


47.6 


162.0 1 


652.5 




6x 4 xH 


14x5^ 


120.9 


59.5 


108.0 


684.6 




6x 6 xH 


14 xH 


134.5 


59.5 


162.0 1 


714.5 




6x 4 x^ 


14 x^ 


136.1 


59.5 


108.0 


740.6 




6x 6 xH 


14 xM 


134.5 


71.4 


162.0 


754.3 




6x 6 x% 


14x$<^ 


152.9 


59.5 


162.0 


770.3 




6x 4 x^ 


14 xH 


136.1 


71.4 


108.0 


809.7 




6x 6 x% 


14 xH 


152.9 


71.4 


162.0 


829.0 




6x 4 x^ 


14 xH 


150.5 


71.4 


108.0 


876.3 




6x 6 xH 


14x5i 


170.9 


71.4 


162.0 1 


318.0 




6x 4 xH 




95.1 




87.8 


344.4 




5x3>4xH 




100.3 




87.8 ' 


346.9 




6x 6 xH 




105.6 




136.0 


391.4 




6x 4 xH 




110.7 




87.8 


403.7 




5x3^xH 


■ 


113.1 




87.8 


430.3 


36 xK 


6x 6 x>^ 




124.3 




135.0 


460.0 




6x3Hx% 




125.1 




87.8 1 


462.4 




6x 4 x^ 




125.9 




87.8 


503.3 




6x 4 xH 


14 xH 


95.1 


36.7 


87.8 


510.5 




6x 6 x% 




142.7 




135.0 


530.2 




6x 4 x^ 




140.3 




87.8 


531.6 




6x x% 


14 x^ 


105.5 


35.7 


135.0 
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GIRDERS 



RIVETED PLATE GIRDERS— Continued 



Section 
Modulua, 


Sue in Inches 


Weight per Foot, 
Pounds 


Mftximnn) 

End 
Reaction 












Axis 1-1, 

Y 1_ a 


Web 


Flange 


Flange 


Web PUte 
and 


Flange 


in 

Thousands 

of 

Pounds 


Inches^ 


Plates 


Angles 


Plates 


Flange 
Angles 


Plates 


554.3 




5x3HxH 


12 xH 


100.3 


40.8 


87.8 


665.1 




6x 4 x% 


14 xH 


95.1 


47.6 


87.8 


593.2 




6x 6 xH 


14 xH 


106.5 


47.6 


135.0 


595.3 




6x 4 x% 




154.7 




87.8 


606.8 




dxSH^yi 


12 x^ 


100.3 


51.0 


87.8 


636.5 




6x 4 x}4 


14 xH 


110.7 


47.6 


87.8 


654.9 




6x 6 xVs 


14 x^ 


105.6 


59.5 


135.0 


664.2 


36 xH 


5x3Hx% 


12 xH 


113.1 


61.0 


87.8 


674.4 


6x 6 xH 


14 xH 


124.3 


47.6 


136.0 


698.0 




6x 4 xH 


14 xH 


110.7 


59.5 


87.8 


735.5 




6x 6 xH 


14 xM 


124.3 


59.5 


135.0 


766.6 




6x 4 xH 


14 xH 


125.9 


59.5 


87.8 


796.8 




6x 6 xH 


14x5i 


124.3 


71.4 


135.0 


813.1 




6x 6 xH 


14x5i 


142.7 


59.6 


135.0 


827.6 




6x 4 x^ 


14 X M 


125.9 


71.4 


87.8 


873.8 




6x 6 xH 


14x5i 


142.7 


71.4 


135.0 


892.8 




6x 4 xH 


14x5^ 


140.3 


71.4 


87.8 


357.7 




5x3yixH 




108.0 




102.4 


404.7 




6x 4 xH 




118.4 


• 


102.4 


417.0 




5x3Hx5i 




120.8 




102.4 


443.6 




6x 6 xH 




132.0 




157.5 


473.3 




5x3H^H 




132.8 




102.4 


475.7 




6x 4 x^ 




133.6 




102.4 


523.8 




6x 6 x^ 




150.4 




157.5 


543.5 




6x 4 xM 




148.0 




102.4 


567.2 




6x31^x34 


12x3^ 


108.0 


40.8 


102.4 


608.6 


36 X %6 


6x 4 xK 




162.4 




102.4 


619.7 




5x3HxH 


12 x^ 


108.0 


51.0 


102.4 


649.5 




6x 4 xH 


14x>4 


118.4 


47.6 


102.4 


677.1 




5x3Hx^ 


12 x^ 


120.8 


51.0 


102.4 


687.3 




6x 6 x^ 


14 xH 


132.0 


47.6 


167.5 


710.8 




Gx 4 xH 


14x5^ 


118.4 


59.6 


102.4 


748.4 




6x 6 xH 


14 x^ 


132.0 


59.5 


157.5 


779.6 




6x 4 x5^ 


14 xM 


133.6 


69.5 


102.4 


809.6 




6x 6 xH 


14 xM 


132.0 


71.4 


157.5 


825.9 




6x 6 xH 


14x5^ 


150.4 


59.6 


167.5 


840.4 




6x 4 x^ 


14 xM 


133.6 


71.4 


102.4 


886.6 




6x 6 x^ 


14x5^ 


150.4 


71.4 


157.5 


905.5 




6x 4 x5i 


14 xM 


148.0 


71.4 


102.4 
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CARNBQIB STBEL COMPANY 



RIVETED PLATE GIRDERS— Continued 



Section 
Modulus, 


Size in Inches 


Weight per Foot, 
Pounds 


Maximum 

End 
Reaction 












Axis 1-1, 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


Inches^ 


Plates 


Angles 


Plates 


flange 
Angles 


Plates 


418.0 




6x4xM 




126.0 




117.0 


456.9 




6x6x H 




139.6 




180.0 


489.0 




6x4x^ 




141.2 




117.0 


537.1 




6x6x^ 




158.0 




180.0 


556.9 




6x4x% 




155.6 




117.0 


614.5 


» 


6x6x M 




176.0 




180.0 


621.9 




6x4x K 




170.0 




117.0 


662.5 




6x4x H 


14 xH 


126.0 


47.6 


117.0 


689.2 




6x6xK 




193.6 




180.0 


700.3 




6x6x1^ 


14 xM 


139.6 


47.6 


180.0 


723.7 




6x4x 3^ 


14 x^ 


126.0 


59.5 


117.0 


761.3 


S6xH 


6 xOx H 


14 x^ 


139.6 


59.5 


180.0 


792.3 




6x4x5^ 


14 x^ 


141.2 


59.5 


117.0 


822.3 




6x6x H 


14 xM 


139.6 


71.4 


180.0 


838.8 




6x6x5^ 


14 xH 


158.0 


59.5 


180.0 


853.2 




6x4x H 


14x5^ 


141.2 


71.4 


117.0 


899.4 




6x6x % 


14 X M 


158.0 


71.4 


180.0 


918.3 




6x4x H 


14x5^ 


155.6 


71.4 


117.0 


973.7 




6x6x ^ 


14 xM 


176.0 


71.4 


180.0 


1039.4 




6x4x ^ 


14 X 1 


155.6 


95.2 


117.0 


1094.1 




6x6x M 


14 X 1 


176.0 


95.2 


180.0 


1101.1 




6x4x% 


14 X 1 


170.0 


95.2 


117.0 


1164.9 




6x6x J^ 


14 X 1 


193.6 


95.2 


180.0 


444.7 




6x4x H 




141.3 




146.3 


483.5 




6 X 6 x H 




154.9 




225.0 


515.7 




6x4x M 




156.5 




146.3 


563.7 




6x6x ^ 




173.3 




225.0 


583.5 




6x4x5^ 




170.9 




146.3 


641.2 




6x6x % 




191.3 




225.0 


648.5 




6x4x Vs 




185.3 




146.3 


688.4 


36 xH 


6x4x H 


14x J4 


141.3 


47.6 


146.3 


715.8 




6x6x K 




208.9 




225.0 


726.2 




6x6x K 


14 xH 


154.9 


47.6 




749.4 




6x4xH 


14 x^ 


141.3 


59.5 


146.3 


787.0 




6x6x H 


14 x^ 


154.9 


59.5 


225.0 


818.1 




6 x 4 X H 


14 x^ 


156.5 


59.5 


146:3 


847.9 




6x6x H 


14 xM 


154.9 


71.4 


225.0 


864.6 




6x6x5^ 


14 x^ 


173.3 


59.5 


225.0 


878.8 




6x4 X H 


14 xM 


156.5 


71.4 


146.3 


924.9 




6x6x ^g 


14 X M 


173.3 


71.4 


225.0 
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QIRDBRS 



RIVETED PLATE GIRDERS— Continued 


Section 


8ise in Inches 




Weight per Foot, 
Pounds 


Masdmam 
End 


ModuluB, 








Reaction 












Axis 1-1. 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

ThousandB 

of 

Pounds 


Tnches^ 


Plates 


Angles 


PUtee 


Flange 
Angles 


PUtes 


943.9 




6z4x ^ 


14 xK 


170.9 


71.4 


146.3 


999.3 




6x6x^ 


14 xj^ 


191.3 


71.4 


225.0 


1045.9 




6x6x^ 


14 X 1 


173.3 


95.2 


225.0 


1064.7 


36 zH 


6x4x^ 


14 X 1 


170.9 


95.2 


146.3 


1119.3 




6x6x^ 


14 X 1 


191.3 


95.2 


225.0 


1126.3 




6x4x^ 


14 X 1 


185.3 


95.2 


146.3 


1190.1 




6x6x Ji 


14 X 1 


208.9 


95.2 


225.0 


390.2 




6x4xH 




102.8 




101.3 


427.5 




6x6x ^ 




113.2 




157.5 


477.2 




6x4xH 




118.4 




101.3 


627.2 




6x6x>^ 




132.0 




157.5 


661.4 




6x4xH 




133.6 




101.3 


606.6 




6x4x5^ 


14 x^ 


102.8 


35.7 


101.3 


623.5 




6x6x ^ 




150.4 




157.6 


63S.3 




6x4xH 


16 xH 


102.8 


40.8 


101.3 


642.1 




6x4xM 




148.0 




101.3 


643.2 




6x6x^ 


14 xH 


113.2 


35.7 


157.5 


675.1 




6x6x^ 


16 xH 


113.2 


40.8 


157.5 


678.6 




6x4x^ 


14xJ4 


102.8 


47.6 


101.3 


715.2 




6x6xH 


14 xH 


113.2 


47.6 


157.5 


716.6 




6x6xM 




168.4 


■ 


157.5 


719.5 




6x4xK 




162.4 




101.3 


757.7 




6x6x^ 


16 xH 


113.2 


54.4 


157.5 


763.7 


42 x^^ 


6x4x3^ 


14 xH 


118.4 


47.6 


101.3 


787.2 




6x6x H 


14 x^ 


113.2 


59.5 


157.5 


806.2 




6x4x H 


16 xH 


118.4 


54.4 


101.3 


806.4 




6x6x J^ 




186.0 




157.6 


812.7 




6x6x H 


14 xH 


132.0 


47.6 


157.5 


835.5 




6x4x H 


14 xH 


118.4 


59.5 


101.3 


855.2 




6x6x H 


16 xH 


132.0 


54.4 


157.6 


884.2 




6x6x H 


14 xM 


132.0 


59.5 


157.6 


917.3 




6x4x ^ 


14 x^ 


133.6 


59.5 


101.3 


937.3 




6x6xH 


16 xH 


132.0 


68.0 


157.6 


955.7 




6x6x J^ 


14x 5i 


132.0 


71.4 


157.6 


970.4 




6x4x% 


16 xH 


133.6 


68.0 


101.3 


977.6 




6x6x ^ 


14 X ^ 


150.4 


59.5 


157.6 


988.7 




6x4x^ 


14 x% 


133.6 


71.4 


101.3 


1030.8 




0x6xH 


16 x^ 


150.4 


68.0 


157.6 


1048.6 




0x6x^ 


14 X ^ 


150.4 


71.4 


157.6 


1066.6 




6x4x M 


14x5^ 


148.0 


71.4 


101.3 


1112.4 




6x6x^ 


IQxH 


150.4 


81.6 


157.5 
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CARNEGIE 


; STEEL 


COMPANY 




RIVETED PLATE GIRDERS— Continued 


Section 

mc J 1 -_ 


Sixe in Inches 


Weight per Foot, 
Pounds 


MikTimuin 

End 
Reaction 

• 


Modulus, 












Axis 1-1, 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

oi 

Pounds 


Inches^ 


Plates 


Angles 


Plates 


Flange 
Angles 


Plates 


1130.4 




6x4x M 


16 x^ 


148.0 


81.6 


101.3 


1138.6 




6x6xM 


14 x^ 


168.4 


71.4 


167.5 


1194.1 




6x6x^ 


16 x^ 


160.4 


96.2 


167.6 


1202.3 


42 x^^ 


6x6x5i 


16 xM 


168.4 


81.6 


167.5 


1283.6 




6x6x^ 


16 xK 


168.4 


96.2 


167.6 


1286.4 




6x4x^ 


16xJi 


162.4 


96.2 


101.3 


1369.9 




6x6x^ 


16 x^ 


186.0 


96.2 


167.6 


496.3 




6x4xH 




127.3 




118.1 


646.4 




6x6x H 




140.9 




183.8 


679.6 




6x4x ^ 




142.6 




118.1 


641.6 




6 X 6 X ^ 




169.3 




183.8 


660.2 




6x4x ^ 




166.9 




118.1 


734.7 




6x6x^ 




177.3 




183.8 


737.6 




6x4x% 




171.3 




118.1 


781.5 




6x4x^ 


14 xH 


127.3 


47.6 


118.1 


824.0 




6x4xH 


16 xH 


127.3 


64.4 


118.1 


824.6 




6x6x% 




1«4.9 




183.8 


830.4 




6x6x J4 


14 xH 


140.9 


47.6 


183.8 


863.1 




6x4x H 


14 x^ 


127.3 


69.6 


118.1 


872.9 




6x6x H 


16 xH 


140.9 


64.4 


183.8 


901.8 




6x6xH 


14x5i 


140.9 


69.6 


183.8 


934.9 


42 X %e 


6x4x^ 


14 x^ 


142.6 


69.6 


• 118.1 


964.9 




6x6x H 


16 x^ 


140.9 


68.0 


■183.8 


973.2 




6x6xH 


14 xM 


140.9 


71.4 


183.8 


988.1 




6x4xM 


16x5^ 


142.6 


68.0 


118.1 


996.3 




6x6x^ 


14 x^ 


169.3 


69.6 


183.8 


1006.2 




6x4xH 


14 x% 


142.6 


71.4 


118.1 


1048.4 




6x6xH 


16 x% 


169.3 


68.0 


183.8 


1066.2 




6x6x H 


14 xH 


169.3 


71.4 


183.8 


1084.1 




6 X 4 X M 


14x5i 


166.9 


71.4 


118.1 


1129.9 




6x6x^ 


16 xH 


169.3 


81.6 


183.8 


1147.9 




6x4x^ 


16 x^ 


166.9 


81.6 


118.1 


1166.0 




6x6xM 


14x5i 


177.3 


71.4 


183.8 


1211.6* 




6x6xH 


16 xK 


169.3 


96.2 


183.8 


1219.8 




6x6x5i 


16 xH 


177.3 


81.6 


183.8 


1300.9 




6x6x % 


16 x% 


177.3 


95.2 


183.8 


1387.3 




6x6x J^ 


16 x^ 


194.9 


96.2 


183.8 


613.6 




6x4x H 




136.2 




136.0 


663.6 




6x 6xM 




149.8 




210.0 


697.7 


42xJ4 


6x4x% 




161.4 




136.0 


669.8 


• 


6x6x5^ 




168.2 




210.0 


678.4 




6x4x ^ 




165.8 




136.0 
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QIRDERS 



RIVETED PLATE GIRDERS— Continued 



Section 
Modulus, 


Sue in Inches 


Weight pa Foot, 
Pounds 


Maximum 

End 
Reaction 












Axis 1-1, 


Web 


Flange 


FUmge 


Web Pbte 
and 


Flange 


in 

Thousands 

of 

Pounds 


Inches^, 


PUtes 


Angles 


Plates 


Flange 
Angles 


Pbtes 


762.8 




6x 6xM 




186.2 




210.0 


755.8 




6x4xK 




180.2 




135.0 


799.2 




6x4xH 


14 xH 


136.2 


47.6 


135.0 


841.7 




6x4xH 


16 xH 


136.2 


64.4 


136.0 


842.7 




6x6xK 




203.8 




210.0 


848.1 




6x6xH 


14. xH 


149.8 


47.6 


210.0 


870.8 




6x4xH 


14 x^ 


136.2 


59.6 


135.0 


890.6 




6x6xH 


16 xH 


149.8 


64.4 


210.0 


919.4 




6 X 6 X H 


14. x% 


149.8 


59.5 


210.0 


952.6 




6x4x^ 


14: xH 


161.4 


69.5 


136.0 


972.6 




6x6x H 


16 x^ 


149.8 


68.0 


210.0 


990.8 




6x6xH 


14. x^ 


149.8 


71.4 


210.0 


1006.7 




6x4x5i 


16 xH 


161.4 


68.0 


135.0 


1012.9 


42 xH 


6x6x^ 


14: xH 


168.2 


69.6 


210.0 


1023.7 




6x4xH 


14 xM 


161.4 


71.4 


136.0 


1066.0 




6x6x^ 


16 x^ 


168.2 


68.0 


210.0 


1083.7 




6x6xH 


14: xH 


168.2 


71.4 


210.0 


1101.7 




6 X 4 X 5i 


14 xH 


165.8 


71.4 


136.0 


1147.5 




6x6x5^ 


16 xH 


168.2 


81.6 


210.0 


1165.4 




6x4x5^ 


16 xH 


166.8 


81.6 


135.0 


1173.6 




QxGxH 


14 xH 


186.2 


71.4 


210.0 


1229.0 




6x6xM 


16 xH 


168.2 


95.2 


210.0 


1237.4. 




6x6xM 


16 x% 


186.2 


81.6 


210.0 


1318.4 




6x6x Ji 


16 xK 


186.2 


96.2 


210.0 


1321.2 




6x4x% 


16 x% 


180.2 


96.2 


136.0 


1404.7 




6x6xK 


16 x% 


203.8 


96.2 


210.0 


466.9 




6x4xH 




110.4 




121.6 


612.7 


# 


6x6xH 




120.8 




180.0 


667.4 




Ox4x>4 




126.0 




121.5 


628.9 




6x 6x H 




139.6 




180.0 


664.9 




6x4x5^ 




141.2 




121.6 


714.4 




6x4x% 


14 xH 


110.4 


35.7 


121.5 


741.3 




6x6xM 




158.0 




180.0 


750.8 




6x4x^ 


16 xH 


110.4 


40.8 


. 121.6 


768.5 


48 xM 


6x4x% 




155.6 




"121.6 


759.5 




6x6xH 


14 xH 


120.8 


35.7 


180.0 


796.9 




6x6x H 


16 X ^ 


120.8 


40.8 


180.0 » 


797.0 




6x4xH 


14 xH 


110.4 


47.6 


121.6 


841.9 




6x6xM 


14 xH 


120.8 


47.6 


180.0 


848.3 




6x4x% 




170.0 




121.6 


850.1 




6x6xM 




176.0 




180.0 


890.4 




6x6x M 


16 xH 


120.8 


64.4 


180.0 


896.5 




6x4x H 


14 xH 


126.0 


47.6 


121.6 
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RIVETED PLATE GIRDERS— Continued 



Section 
Modiilus, 


Size in Inches 


Weight per Foot, 
rounds 


Maximum 

End 
Seaction 












Axis 1-1, 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


InchesB 


Plates 


Angles 


Plates 


Flange 
Angles 


Plates 


924.3 




6x6x5i 


14x5^ 


120.8 


59.5 


180.0 


944.0 




6x4xH 


16 xH 


126,0 


54.4 


121.5 


955.2 




6x6xK 




193.6 




180.0 


956.8 




6x6xH 


14 xH 


139.6 


47.6 


180.0 


977.7 




6x4xH 


14x5i 


126.0 


59.5 


121.5 


1004.3 




6x6x>^ 


16 xH 


139.6 


54.4 


180.0 


1037.6 




6x6xH 


14 x^ 


139.6 


59.5 


180.0 


1072.7 




6x4x5i 


14 x^ 


141.2 


59.5 


121.5 


1098.2 




6x6xH 


16 xH 


139.6 


68.0 


180.0 


1119.5 




6x6x J4 


14 xH 


139.6 


71.4 


180.0 


1133.3 




6x4xH 


16x5i 


141.2 


68.0 


121.5 


1147.1 


48 xH 


6x6x^ 


14 x^ 


158.0 


59.5 


180.0 


1154.4 




6x4x^ 


14 xM 


141.2 


71.4 


121.5 


1207,8 




6x6x^ 


16 x^ 


158.0 


68.0 


180.0 


1228.4 




6x6x^ 


14 xM 


158.0 


71.4 


180.0 


1245.2 




6x4x^ 


14 x^ 


155.6 


71.4 


121.5 


1301.2 




6x6xH 


16 xH 


158.0 


81.6 


180.0 


1317.9 




6x4x ^ 


16 xH 


155.6 


81.6 


121.5 


1334.0 




6x6xM 


14 x^ 


176.0 


71.4 


180.0 


1394.7 




6x6x^ 


16 xK 


158.0 


95.2 


180.0 


1406.7 




6x6xH 


16 xM 


176.0 


81.6 


180.0 


1498.1 




6x4xK 


16 xK 


170.0 


95.2 


121.5 


1499.7 




6x6xM 


16x3^ 


176.0 


95.2 


180.0 


1601.3 




6x6xK 


16x3^ 


193.6 


95.2 


180.0 


591.2 




6x4xM 




136.2 




141.8 


652.7 




6x6xH 


• 


149.8 




210.0 


688.7 




6x4xH 




151.4 




141.8 


765.0 




6x6xH 




168.2 




210.0 


782.3 




6x4x^ 




165.8 




141.8 


872.1 




6x4xK 




180.2 




141.8 


873.8 




QxQxH 




186.2 




210.0 


918.8 




6x4xH 


14 xH 


136.2 


47.6 


141.8 


967.3 


Md PV/ 


6x4xH 


16 xH 


136.2 


54.4 


141.8 


979.0 


48 X %o 


6x6xK 




203.8 




210.0 


979.0 




6x6xH 


14xJ4 


149.8 


47.6 


210.0 


1000.8 




6x4x H 


14 xH 


136.2 


59.5 


141.8 


1027.6 




6x6x H 


16 xH 


149.8 


54.4 


210.0 


1060.8 




6x6x H 


14 xH 


149.8 


59.5 


210.0 


1095.8 




6x4x^ 


14 xH 


151.4 


59.5 


141.8 


1121.4 




6x6xH 


16x5i 


149.8 


68.0 


210.0 


1142.5 




6x6xH 


14x5^ 


149.8 


71.4 


210.0 


1156.5 




6x4x^ 


16 xH 


151.4 


68.0 


141.8 
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RIVETED PLATE GIRDERS— Continued 


Section 


Sise in Inches 




Weight per Foot, 
Pounds 


Maximum 
End 


ModtihiB, 




. - 




ReaotioD 












Axis 1-1. 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


Indies* 


Plates 


Angles 


Plates 


Flange 
Angles 


Plates 


1170.3 




6x6xH 


14 x^ 


168.2 


59.5 


210.0 


1177.4 




6x4x^ 


14x5i 


151.4 


71.4 


141.8 


1230.9 




6x6xf| 


10 xH' 


168.2 


68.0 


210.0 


1251.6 




6x6x^ 


14 xM 


168.2 


71.4 


210.0 


1268.2 




Qx4xH 


14x5^ 


165.8 


71.4 


141.8 


1324.3 




6x6xH 


16 x^ 


168.2 


81.6 


210.0 


1341.0 


48 X Tie 


6x4xM 


16xJi 


165.8 


81.6 


141.8 


1357.0 




6x6x|i 


14 x^ 


186.2 


71.4 


210.0 


1417.7 




6x6x^ 


IQxH 


168.2 


95.2 


210.0 


1429.8 




6x6xM 


16 xH 


186.2 


81.6 


210.0 


1521.0 




6x4xK 


16 x% 


180.2 


95.2 


141.8 


1622.7 




6x6x^ 


16 x^ 


186.2 


95.2 


210.0 


1624.2 




6x6xK 


16x^1 


203.8 


95.2 


210.0 


616.0 




6x4x H 




146.4 




162.0 


676.4 




6x6xH 




160.0 




240.0 


712.4 




6x4xH 




161.6 




162.0 


788.8 




6x6x% 




178.4 




240.0 


806.0 




6x4x ^ 




176.0 




162.0 


896.8 




6x4xK 




190.4 




162.0 


897.6 




6x6x5^ 




196.4 




240.0 


942.1 




6x4xH 


14xJ4 


146.4 


47.6 


162.0 


990.6 




6x4xM 


16 xH 


146.4 


64.4 


162.0 


1002.3 




6x6xH 


14 xH 


160.0 


47.6 


240.0 


1002.7 




6x6xH 




214.0 




240.0 


1024.0 




6x4xH 


14 x^ 


146.4 


69.6 


162.0 


1060.8 




6x6xH 


16 xH 


160.0 


54.4 


240.0 


108319 




6x6x H 


14 x^ 


160.0 


59.5 


240.0 


1119.0 




6x4x^ 


14 x^ 


161.6 


59.5 


162.0 


1144.5 


48 xH 


6x6xH 


16 x^ 


160.0 


68.0 


240.0 


1165.6 




6x6xH 


14x5i 


160.0 


71.4 


240.0 


1179.6 




6x4x^ 


16 xH 


161.6 


68.0 


162.0 


1193.4 




6x6xH 


14 x^ 


178.4 


59.5 


240.0 


1200.5 




6x4x^ 


14x 5i 


161.6 


71.4 


162.0 


1264.1 




6x6xH 


16 x^ 


178.4 


68.0 


240.0 


1274.5 




6x6x^ 


14. xH 


178.4 


71.4 


240.0 


1291.2 




6x4x^ 


14: xH 


176.0 


71.4 


162.0 


1347.3 




6x6x^ 


16 xH 


178.4 


81.6 


240.0 


1364.0 




6x4xK 


16 xH 


176.0 


81.6 


162.0 


1380.0 




6x6x ^ 


14 x% 


196.4 


71.4 


240.0 


1440.6 




6x6x ^ 


16 xK 


178.4 


95.2 


240.0 


1452.8 




6x6x M 


16 xH 


196.4 


81.6 


240.0 


1643.9 




6x4x J^ 


16xJ4 


190.4 


95.2 


162.0 


1645.6 




6x6x ^ 


16 xK 


196.4 


95.2 


240 


1647.1 


6x6x^ 


16 x% 


214.0 


95.2 


240.0 



249 



CARNEGIE STEEL COMPANY 



RIVETED PLATE GIRDERS— Concluded 



Section 
Modulus^ 

Axis 1-1, 
Inches^ 



194.7 
245.7 
294.2 
340.7 

200.6 
251.5 
300.1 
346.6 

216.6 
272.9 
326.7 
378.2 

223.5 
279.8 
333.6 
385.2 

230.4 
286.7 
340.5 
392.1 

227.8 
286.8 
343.1 
397.3 

235.2 
294.2 
350.6 
404.7 

242.7 
301.7 
358.1 
412.2 

271.2 
338.3 
402.6 
464.4 

280.4 
347.5 
411.8 
473.6 

289.6 
356.7 
421.0 

482.8 



Size in Inches 



Web 
Plates 



24x%e 



24 x^ 



26x%6 



26 x^ 



26 X %6 



27x^6 



27 xH 



27 X Vie 



30 x ^ 



30 X %e 



30 xH 



Flange 
Angles 



6x6x ^ 

6x 6x M 
6x 6x H 

6x6xM 

6x6xH 

6x6x H 
6x6x5^ 

6x 6x M 



6x^ 



6x 
6x 

6x 6x 
6 X 6 X «> 



«^^ 



6 X 6 X 

6 X 6 X 

6x 6x ^ 

6x 6x ^ 



^ 



6x6x J^ 

6x6x H 
6x6xk 
6x 6 X ^ 



6x 6 X 

6 X 6 X 

6 X 6 X 2^8 

6x 6 X ^ 






^ 



6 X 6 X »- 
6 X 6 X 

6 X 6 X ^8 

6x6x k 

6x 6x M 
6x6x H 
6x 6x ^ 
6x 6x % 

6x6x ^ 

6x 6x M 
6x 6x ^ 
6x6x5^ 

6x6x5^ 

6x6x H 
6x 6x ^ 
6x6x5^ 



6 X 6 X 
6 X 6 X 

6 X 6x ^ 
6x6x^ 






Flange 
Plates 



Weight per Foot, 
Pounds 



Web Plate 

and 

Flange 

Angles 



85.1 
103.9 
122.3 
140.3 

90.2 
109.0 
127.4 
145.4 

87.2 
106.0 
124.4 
142.4 

92.8 
111.6 
130.0 
148.0 

98.3 
117.1 
135.5 
153.5 

88.3 
107.1 
125.5 
143.5 

94.0 
112.8 
131.2 
149.2 

99.8 
118.6 
137.0 
155.0 

97.9 
116.7 
135.1 
153.1 

104.2 
123.0 
141.4 
159.4 

110.6 
129.4 
147.8 
165.8 



Flange 
Plates 



Maximum 

End 
Reaction 

in 

Thousands 

of 

Pounds 



67.5 
67.5 
67.5 
67.6 

81.0 
81.0 
81.0 
81.0 

78.8 
78.8 
78.8 
78.8 

94.5 
94.5 
94.5 
94.5 

110.3 
110.3 
110.3 
110.3 

78.8 
78.8 
78.8 
78.8 

94.5 
94.5 
94.5 
94.5 

110.3 
110.3 
110.3 
110.3 

108.0 
108.0 
108.0 
108.0 

126.0 
126.0 
126.0 
126.0 

144.0 
144.0 
144.0 
144.0 
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COLUMNS AND STRUTS 

Compression members in structures are caUed posts, struts or 
columns. No exact theoretical formula has been found which will 
give the strength of such members under various conditions of 
loading. The formulas in current use are based on the assumption 
that the members under stress may fail by direct compression, by 
compression and bending combined, or by bending alone. The 
empirical formulas based on these assumptions practically agree 
with results obtained by experiment on full size members. These 
experiments show that steel columns of ordinary sizes and lengths 
fail at nearly a constant stress which corresponds to the yield 
point of that material, and that the load which will cause a column 
to fail decreases in the ratio of its length to its least lateral 
dimension. 

Radins of Gyration. As the strength of a column depends on its 
ability to resist flexural stress, the moment of inertia of its cross 
section is an important factor in the determination of its carrying 
capacity. For the purpose of computation, however, it is much 
more convenient to use the radius of g3rration which depends on 
the moment of inertia. 

Ratio of Slenderneas. The ratio of slenderness is the unsupported 
length of a compression member divided by its radius of gyration, 
and the unsupported length of a column is determined by such 
points of support as will prevent deflection of the column in the 
direction which corresponds to the particular radius of gyration 
under consideration. Columns of unsymmetrical section have 
more than one radius of gyration. It is, therefore, necessary to 
determine the ratio of slenderness for the different radii of gyration 
of such columns and to use the proper ratio in any particular 
case. 

The unit stresses for different ratios of slenderness given in the 
construction specifications and on page 254 are consistent with 
present practice in column construction and their use does not 
involve the refinements of the more complicated formulas, which 
refinements are often vitiated by uncertainties in the application 
of loads or other practical features. 

The construction specifications limit the maximum ratio of 
slenderness to 120 for main members under steady stresses. For 
secondary members under temporary stress, such as those used in 
wind bracing, higher ratios may be used, but in no case should the 
ratio exceed 200. 
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Form and Size of Section. Important as it may be to have the metal 
in the column section distributed as far as possible from the neutral 
axis, that is, with as large a radius of gyration as possible, considera- 
tions of ease in fabrication and simplicity in connections are of 
greater weight. The economical column section is not that which 
affords the least weight of metal in the shaft, but that which, with 
a reasonable radius of gyration, provides the least weight of member, 
shaft and details with the minimum amount of riveting. Modern 
practice, therefore, eliminates earlier forms of construction which 
represented the minimum amount of metal for the maximum 
radius of gyration, such, for example, as the column composed of 
three I-beams or one I-beam and two channels placed either with 
the flanges in or the flanges out. The Z-bar column has also fallen 
into disuse, likewise a number of patented sections and other sections 
shown in earlier editions of this publication. 

The most practical column is one the surfaces of which are 
readily accessible for painting and, therefore, it is desirable to use 
open angle and plate columns rather than closed channel and 
plate columns. 

The column sections should be of such size as to permit ready 
framing of beams and girders thereto and so placed in the construc- 
tion as to permit the simplest details. Experience indicates that 
eight inches is the smallest desirable dimension in ordinary building 
work. For struts and light loads, smaller angle columns are still 
in use, while the H-beams are excellent for such purposes. I-beams 
and single angles may be used with economy where the conditions 
of lengths and loading permit. 

Explanation of Tables. The tables which immediately follow give 
the safe loads in thousands of pounds on H-beam and I-beam 
columns and on a selected line of channel and angle columns which, 
in the light of experience, seem to be desirable for use in ordinary 
building and bridge construction. In addition to the safe loads, 
they give moments of inertia and radii of gyration about both 
axes of symmetry, areas of sections, and weights in pounds per foot 
without allowance for rivet heads or other details. 

These tables have been computed for the least radius of gyration 
in accordance with the formula given in the construction specifica- 
tions. The values may be adjusted to other formulas or to different 
values of the ratio of slenderness by use of the comparative table on 
page 254. This table is also suitable for use in figuring columns 
so braced against flexure, that their safe strength may be computed 
for the greater radius of gyration. 
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€!ombined Bending and Compression Stresses. It is assumed in the 
tables that the loads are direct and equally distributed over the 
cross section of the column or balanced on opposite sides thereof. 
In the case of beams carried on brackets or other forms of eccentric 
loading, bending stresses are produced which should be taken into 
consideration and the column sections so proportioned that the 
combined fiber stresses do not exceed the allowable axial compres- 
sive stresses. There is no direct simple solution of this problem; 
the following trial method is suited to the tables: — 

Let 

W= Direct load in pounds. 

Wi= Eccentric load in pounds. 

M = Bending moment due to eccentric load in inch 

pounds = WiX 
I = Moment of inertia of column in direction of 

bending, 
n = Extreme fiber distance in direction of bending. 
A =Area of column section, in square inches. 
f = Allowable axial unit compression in pounds 
per square inch; then f should be equal to or greater 

than ^"1^^^ + -^j^ the fiber stresses due to compression and 

bending respectively. 

Rule: — Assume a section in excess of that required for the 

direct compression W + Wi and compute the combined fiber stress. 

If it works out too large or too small, try again. 

Example* — Required to select a plate and angle column 20 feet long to 
sustain a balanced load of 210,000 pounds and an eccentric load of 40,000 
pounds applied 15 inches from the column center on axis 1-1. 

Assume a section made up of 14"x%" web plate, four angles 6"x4"x%6" and 
two flange plates 14"x%", page 273. 

A=32.47, Ii-i = 1351, r2-2 = 3.09, ratio of §lendemess=20xl2-5-3.09=77. 

Allowable fiber stress, 19,000— 100 1/r = 11,300 poimds per square inch, 
page 254. 

Actual fiber stress: 
11,090 pounds per square inch. 




i.-n-j 



210.000 + 40.00 _L 40,000 X 15 x 7.625 _>y -rnn-i-Q ^on— 
32:47 ^ l36i 7,700-hd.390- 
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COMPARISON OF COMPRESSION FORMULAS 


At.tk)wablb Unit Stresses in Pounds per Square Inch 


r 


A. B. Co. 


A. R.E.A8s'n 
Chicago 


Gordon 


New York 


Philadelphia 


Boston 


See 
Construction 
Specifications 


1600a-70-L 

r 

14000 max. 


1- 


12500 


15200-58-i- 


16250 


16000 


1 ^' 


la 

1 L 


13 

1 J 


' 36000 ra 


* ' 11000 r2 


^ + 20000ra 



5 
10 
15 
20 
25 


13000 
13000 
13000 
13000 
13000 
13000 


14000 
14000 
14000 
14000 
14000 
14000 


12500 
12490 
12460 
12420 
12365 
12285 


15200 
14910 
14620 
14330 
14040 
13750 


16250 
16215 
16100 
15925 
15680 
15375 


16000 
16980 
15920 
15820 
15690 
15615 


30 
35 
40 
45 
50 


13000 
13000 
13000 
13000 
13000 


13900 
13550 
13200 
12850 
12500 


12195 
12090 
11970 
11835 
11690 


13460 
13170 
12880 
12590 
12300 


15020 
14620 
14185 
13725 
13240 


15310 
15075 
14815 
14630 
14220 


55 
60 
65 
70 
75 


13000 
13000 
12500 
12000 
11500 


12150 
11800 
11450 
11100 
10750 


11530 
11365 
11185 
11000 
10810 


12010 
11720 
11430 
11140 
10850 


12745 
12240 
11740 
11240 
10750 


13900 
13660 
13210 
12850 
12490 


80 
85 
90 
95 
100 


11000 

10500 

10000 

9500 

9000 


10400 

10050 

9700 

9350 

9000 


10615 

10410 

10205 

9995 

9785 


10560 

10270 

9980 

9690 

9400 


10275 
9810 
9360 
8930 
8510 


12120 
11755 
11390 
11025 
10670 


105 
110 
115 
120 
125 


8500 
8000 
7500 
7000 
6750 


8650 
8300 
7950 
7600 
7250 


9570 
9355 
9140 
8930 
8715 


9110 
8820 
8530 
8240 


8115 
7740 
7380 
7035 
6715 


10315 
9970 
9630 
9300 


130 
135 
140 
145 
150 


6500 
6250 
6000 
5750 
5500 


6900 
6550 
6200 
5850 
5500 


8510 
8300 
8095 
7890 
7690 




6405 
6116 • 
6840 




155 
160 
165 
170 
175 


5250 
5000 
4750 
4500 
4250 




7495 
7305 
7120 
6935 
6755 








180 
185 
190 
195 
200 


4000 
3750 
3500 
3250 
3000 




6580 
6410 
6240 
6080 
6920 








Name of Formula 


Abbrevit 


ition 


Maximum Ratio of 1/r 


Main 


Members 


Bracing Struts , 


American Bridge Company 


A. I 


i. 




120 


200 


American Railway Engineering Aas'n 


A. R. 


E. 




100 ^ 


120 


Chicago Building Law 


C. 






120 


150 1 


Gordon 


G. 






• • 


• • 


New York Building Law 


N. 1 


f. 




120 


1 

• • 


Philadelphia Building Law 


P. 






140 


• • 


Boston Building Law 


B. 






120 


• • 
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COLUMN SAFE LOADS 




CARNEQIE STEEL COMPANY 



1 



BEAM COLUMNS 

Safe Loads in Thousands of Pounds 

Allowable Fib^' SU'ess p«r square inch, 13,000 pounds 
for lengths of 60 radii or under; reduced for lenj^ths over 60 
radii, see specifications, page 127. 

WeightB do not include details. 



Depth and Weight of Seetaons 



Effeetiye 
Lengih i 
in Feet , 



H 



I Beanv 



2 
3 

4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 



Sin. 
34 

lbs. 



6 in. 
23.8 
lbs. 



Area, in.- 



Ii-i,in.4 
n-i.in. 
I2-2, in.* 

T2-2t in. 



Weight, 

Lbs. per 

Foot 



130.0 
130.0 
130.0 
130.0 

130.0 
130.0 
130.0 
130.0 



125.8 

119.4 
113.0 
106.6 
100.2 

93.8 

87.3 
8a9 
74.5 



69.0 
65.8 

62.6 
59.4 
56.2 
53.0 
49.8 

46.6 
43.4 
40.2 
37.0 
33.7 

30.5 



91.0 
91.0 
91.0 
91.0 

91.0 
91.0 



86T 
80.9 
76.1 

69.3 
63.5 
57.7 
51.9 



47.6 

44.7 
41.8 
38.9 

36.0 
33.1 

30.2 
27.3 
24.4 
21.5 



5in. 
18.7 
lbs. 



71.5 
71.5 
71.5 
71.5 

71.5 



66.0 
60.5 
55.0 
49.5 

44.0 
38.5 



35.8 
33.0 
30.3 

27.5 
24.8 
22.0 
19.3 
16.5 



4 in. ,15in. 
13.6 > 42 
lbs. Il lbs. 



52.0 
52.0 
52.0 



50.7 

45.7 
40.6 
35.6 
30.5 



26.7 

24.2 
21.7 
19.2 
16.6 
14.1 



12 in. 

31H 
lbs. 



10 in. 
25 
lbs. 



162.2120.4:95.8 
162.2,120.4 95.8 



162.2 
162.2 



153.9 
140.1 
126.2 
112.3 
98.5 



86.0 
79.0 
72.1 
65.2 
58.2 

51.3 
44.4 
37.4 



120.4 
120.4 



109.9 
98.9 
87.9 
76.9 
65.9 



95.8 



59.9 
54.4 
48.9 
43.4 

37.9 

32.4 
26.9 



94.4 

85.3 
76.2 
67.1 
58.0 



50.2 

45.7 
41.1 

36.5 
32.0 
27.4 

22.9 



9in. 
21 
lbs. 



82.0 
82.0 
82.0 



77.8 

69.4 
61.0 
52.6 
44.2 



40.0 

35.8 
31.5 
27.3 
23.1 

18.9 



Sin. 

IS 

lbs. 



69.3 
69.3 
69.3 



63.2 

55.6 
48.0 
40.4 



35.0 
31.2 

27.4 
23.6 

19.8 
IG.O 



7in. 

15 

lbs. 



57.5 
57.5 



56.8 
50.0 

43.2 
36.4 



30.3 
26.9 
23.5 

20.1 
16.7 
13.3 



6in. 
lbs. 



46.9 
46.9 



44.5 
38.5 

32.5 
26.5 



22.9 
19.9 
16.8 

13.8 
10.8 



5in. 



37.3 
37.3 



33.3 

28.0 

22.7 



18.8 
16.1 
13.5 
10.8 



4in. 

7H 
lbs. 



28.7 



10.00 7.00 5.50 4.00 12.48 9.26 7.37 6.31 5.33 4.42 3.61 2.87 



115.4 
3.40 
35.1 
1.87 



34 



45.1 
2.54 
14.7 
1.45 



23.8 



23.8 
2.08 
7.9 
1.20 



18.7 



10.7 
1.63 
3.6 

0.95 



13.6 



441.8 
5.95 
14.6 
1.08 



42 



215.8 

4.83 

9.5 

1.01 



31H 



122.1 

4.07 

6.9 

0.97 



25 



84.9 
3.67 
5.2 
0.90 



21 



56.9 
3.27 
3.8 
0.84 



18 



36.2 
2.86 
2.7 
0.78 



16 



21.8 
2.46 
1.9 
0.72 



12H 



12.1 
2.05 
1.2 
0.65 



9H 



28.5 
24.0 
19.5 



15.2 

13.0 

10.8 

8.5 



= I 
2.21 I 

I 



6.0 
1.64 
0.77 
0.59 



7H 



Safe load values above upper sigzag line are for ratios of 1/r not over 60, those between the sigsag 
lines are for ratios up to 120 1/r and those below lower sigzag line are for ratios not over 200 1/r. 
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10 INCH CHANNEL COLUMNS 
Says Loads in Thousands of Poonda 
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CARNEQIE STEEL COMPANY 



10 INCH CHANNEL COLUMNS— Continued 



f ^^ 



—11-----*: 

^ !2 



\i 



LAl 



rr 



^ 



Sli\—- ' 



W 



!^ 



-14:>?-- 



fi 



Safe Loads in Thousands of Pounds 

Allowable Fiber Stress i>er square inch, 13.000 
pounds for lengths of 60 radii or under; reduced for 
lengths over 60 radii, see specifications, page 127. 

Weights do not include rivet heads or other 
details. 






I 



11 

12 
13 
14 
15 

16 
17 

18 

19 

20 

21 

22 
23 
24 
26 

26 
27 
28 
29 
30 

31 
32 
33 
34 

35 



2-10 in. Channels 
Latticed 



2-10 in. Cbanneb, 2-14 in. Plates 



Is 

tCOQ 



116 
116 
116 
116 
116 

116 
116 

116 



.9 o 



at 

oca 

CI 



153 
153 
153 
153 
153 

153 
153 

153 



J9 o 

0) tj 



£.1 

>OCQ 
Pi 



191 
191 
191 
191 
191 

191 
191 



116 


150 
146 


114 


111 


142 


109 
106 
103 
100 


139 
135 
131 
127 


98 
95 
92 

89 
87 


123 
119 
115 
112 
108 


84 
81 
78 
75 


104 

100 

96 

92 


73 


88 



189 
184 
179 

174 

169 
164 
159 
154 

149 
144 
139 
134 
129 

124 
119 
114 
109 

104 









i 9 * 



229 
229 
229 
229 
229 

229 
229 



224 
218 
211 

205 

199 
193 

187 
180 

174 
168 
162 
156 
149 

143 
137 
131 
126 



252 
252 
252 
252 
252 

252 
252 

252 

252 

252 

252 



251 
246 
241 
235 

230 
225 
219 
214 
209 

203 

198 
193 

187 

121 182 






^i=-^ 



275 
275 
275 
275 
275 

275 
275 

275 

275 

275 

275 



273 
267 
261 
256 

250 
244 
238 
232 
226 

220 
214 
209 
203 

197 



J^ 

o 



08 

el 



298 
298 
298 
298 
298 

298 
298 

298 

298 

298 

298 



295 
289 
282 
276 

270 
263 
257 
250 
244 

238 
231 
225 
219 

212 



08 

Si 



312 
312 
312 
312 
312 

312 

312 

312 
312 
312 

312 



308 
302 
295 

288 

282 
275 
268 
261 
255 

248 
241 
235 

228 

221 



•i 



as 
C4 



335 
335 
335 
335 
335 

335 
335 

335 

335 

335 

335 



330 
323 
316 
308 

301 
294 
287 
279 
272 

265 
258 
251 
243 

236 



OQ 

S 8 

^^ 
a'l 



358 
358 
358 
358 
358 

358 
358 

358 

358 

358 

358 



352 
344 
337 
329 

321 
313 
306 
298 
290 

282 
275 
267 
259 

251 



JS9 

11 

C9 



380 
380 
380 
380 
380 

380 
380 

380 

380 

380 

380 



374 
365 
357 
349 

341 
332 
324 
316 
308 



11 



396 
396 
396 
396 
396 

396 
396 

396 

396 

396 

396 



388 
379 
371 
362 

353 
345 
336 
327 
319 



299 310 
291 301 
283 293 



274 
266 



284 
275 



-a » 

S as 



419 
419 
419 
419 
419 

419 
419 

419 

419 

419 

419 



410 
401 
392 
382 

373 
364 
355 
346 
336 

327 

318 
309 
300 

291 



25 a 



s 



^aS"! 



fl|0 






g 



S ^' 



441 
441 
441 
441 
441 



464 
464 
464 
464 
464 



441 464 
4411464 

441 j 464 

441 464 

441 464 



441 



432 
422 
412 
403 

393 
383 
373 
364 
354 

344 
335 
325 
315 

306 



464 

453 
443 
433 
423 

412 
402 
392 
382 
372 

361 
351 
341 
331 

320 



irea,in.2 8.92 



Ii-i.in* 
ri-i.in. 



Weight, 

Lbs. per 

Foot 



134 
3.87 

197 
4.70 



39.3 



11.76 14.70 17.64 



158 

3.66 

241 

4.53 



49.4 



182 
3.52 

284 
4.39 



59.4 



207 

3.42 

323 

4.28 



69.4 



19.42 21.17 



416 

4.63 

369 

4.36 



65.7 



468 

4.70 

398 

4.33 



71.7 



22.92 24.01 



520 

4.76 

426 

4.31 



77.6 



491 

4.52 

442 

4.29 



81.7 



25.76 27.51 29.26 30.45 32.20 



544 

4.59 

470 

4.27 



87.6 



597 

4.66 

499 

4.26 



93.6 



652 

4.72 

527 

4.24 



99.5 



«22 

4.52 

541 

4.22 



103.6 



676 
4.58 

670 
4.21 



109.5 



33.95 35.70 



732 

4.64 

598 



790 

4.70 

627 



4.20 4.19 



115.5 121.4 



Safe load values above upper zigzag line are for ratios of I/r not over 60, those between the zigzag 
lines are for ratios up to 120 1/r, and those below lower zigzag line are for ratios not over 200 l^r. 
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rtf Safe Loads in Thoubandb of Founds 


1 

1 


. -8^-— 


1 




1 




1 


Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under: reduced for 








1 






lengths over 60 radii, see speciflcations, page 127. 




J 


'-N 


Weights do not Include rivet heads or other 


1^ 


J2 "^ \ 


details. 


**"' 


'--14^-- --*2 


eetive Length in Feet 


2-10 in. Channels, 2-14 in. Plates 


lb. Qiannels, 
^6in.PUtes 


lb. Qiannels, 
^ in. Plates 


lb. Qiannels, 
he in. Plates 


Is 


lb. Channels, 
He in. Plates 


lb. Channels, 
1 in. Plates 


lb. Channels, 
^i6 in. Plates 


lb. Channels, 
1 in. Plates 


lb. Channels, 
^6 in. Plates 




lb. Channels, 
^6 in. Plates 


ll 


u 


&§- 


S" 


Sh 


i^"^ 


&§- 


^ 


SSh 


n 


^- 


^^ 


^- 


^^ 


11 


480 


502 


625 


648 


671 


693 


609 


632 


654 


677 


700 


723 


12 


480 


502 


526 


648 


671 


693 


609 


632 


664 


677 


700 


723 


13 


480 


502 


626 


548 


671 


693 


609 


632 


664 


677 


700 


723 


14 


480 


502 


625 


648 


671 


698 


609 


632 


664 


677 


700 


723 


15 


480 


502 


525 


648 


671 


593 


609 


632 


654 


677 


700 


723 


16 


480 


502 


625 


648 


571 


593 


609 


632 


664 


677 


700 


723 


17 


480 


502 


525 


648 


671 


593 


609 


632 


654 


677 


700 


723 


18 


480 


502 


525 


548 


671 


593 


609 


632 


664 


677 


700 


723 


19 


480 


502 


625 


648 


571 


593 


609 


632 


664 


677 


700 


723 


20 
21 


480 


502 


626 


648 


671 


593 


609 


632 


664 


677 


700 


723 


477 


500 


522 


544 


567 


589 


602 


624 


647 


669 


691 


714 


22 


467 


488 


510 


532 


664 


576 


588 


610 


632 


664 


675 


697 


23 


456 


477 


499 


520 


541 


662 


575 


596 


617 


639 


660 


681 


24 


446 


466 


487 


508 


529 


549 


561 


582 


603 


624 


644 


665 


25 


435 


455 


476 


495 


516 


536 


547 


568 


588 


608 


628 


648 


26 


424 


444 


464 


483 


603 


522 


533 


553 


573 


693 


612 


632 


27 


414 


432 


462 


471 


490 


509 


520 


639 


569 


678 


596 


616 


28 


403 


421 


440 


469 


478 


496 


506 


526 


544 


563 


581 


599 


29 


392 


410 


429 


446 


465 


483 


492 


511 


529 


547 


565 


583 


30 


382 


399 


417 


434 


452 


469 


479 


496 


514 


532 


549 


567 


31 


371 


388 


405 


422 


440 


466 


465 


482 


500 


517 


533 


560 


32 


360 


377 


394 


410 


427 


443 


461 


468 


485 


502 


617 


634 


33 


350 


365 


382 


398 


414 


430 


437 


464 


470 


487 


602 


518 


34 


339 


354 


370 


386 


401 


416 


424 


440 


466 


471 


486 


602 


35 


328 


343 


359 


373 


389 


403 


410 


425 


441 


456 


470 


485 


lrea,in.2 


36.89 


38.64 


40.39 


42.14 


43.89 


45.64 


46.83 


48.58 


50.33 


52.08 


53.83 


55.58 


1 1-1, in.* 


757 


814 


873 


932 


994 


1056 


1018 


1080 


1144 


1209 


1275 


1343 


ri-i.ia. 


4.53 


4.59 


4.65 


4.70 


4.76 


4.81 


4.66 


4.72 


4.77 


4.82 


4.87 


4.92 


1 2-2, in* 


637 


666 


695 


723 


752 


780 


788 


816 


845 


874 


902 


931 


r2-2,in- 


4.16 


4.15 


4.15 


4.14 


4.14 


4.13 


4.10 


4.10 


4.10 


4.10 


4.09 


4.09 


Weight, 

Lbs. per 

Foot 


125.5 


131.4 


137.4 


143.3 


149.3 


155.2 


159.3 


165.2 


171.2 


177.1 


183.1 


189.0 


Safe 


load values above heavy line are for ratios of I/r not over 60, those below heavy line are 


for ratios 


not over 120 1/r. 
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Safe Loads in Thousands of Pounds 
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~" Allowable Fiber Stress per square inch, 13,000 

1. pounds for lengths of 60 radii or under; reduced for 

lengths over 60 radii, see specifications, page 127. 


j^ i 






1 


'-.^ 






a. Weights do not include rivet heads or other i 






^. 


details. 






1 

1 

1 
1 


2-12 in. Channels 
Latticed 


■ 

2-12 in. Channels, 2-14 in. Plates 


Jl 


II 

£.1 

U3QQ 


08 c8 


i'43 
U3QQ 


11 


i9 

11 


Ij 


CO 

1l 

51 


Is 

5:^ 




ll 


II 






pc] 


S 


CS| 


CO 

229 


ec 


293 


§ 


339 


S 


^ 


e« 


cq 


464 


w^ 


11 


157 


191 


268 


316 


362 


384 


396 


419 


441 


487 


12 


157 


191 


229 


268 


293 


316 


339 


362 


384 


396 


419 


441 


464 


487 


13 


157 


191 


229 


268 


293 


316 


339 


362 


384 


396 


419 


441 


464 


487 


14 


157 


191 


229 


268 


293 


316 


339 


362 


384 


396 


419 


441 


464 


487 


15 


157 


191 


229 


268 


293 


316 


339 


362 


384 


396 


419 


441 


464 


487 


16 


157 


191 


229 


268 


293 


316 


339 


362 


384 


396 


419 


441 


464 


487 


17 


157 


191 


229 


268 


293 


316 


339 


362 


384 


396 


419 


441 


464 


487 


18 


157 


191 


229 


268 


293 


316 


339 


362 


384 


396 


419 


441 


464 


487 


19 


157 


191 


229 


268 


293 


316 


339 


362 


384 


396 


419 


441 


464 


487 


20 

21 
22 
23 


157 

157 
157 


191 
191 


229 
229 


268 


293 
293 


316 
316 


339 
339 


362 

362 
355 
347 


384 
384 


396 
396 


419 


441 


464 


487 


265 
259 
253 


418 
409 
400 


440 
431 
421 


463 
453 
443 


485 


190 
186 


225 
220 


290 
283 


312 
305 


334 
326 


377 
369 


387 
378 


474 


155 


464 


24 


152 


182 


215 


248 


277 


298 


319 


339 


360 


370 


390 


411 


432 


453 


25 


149 


178 


210 


242 


271 


291 


312 


332 


352 


361 


381 


401 


422 


442 


26 


146 


174 


205 


236 


265 


284 


304 


324 


344 


352 


372 


392 


412 


431 


27 


142 


170 


200 


230 


258 


277 


297 


316 


335 


344 


363 


382 


402 


421 1 


28 


139 


166 


195 


224 


252 


271 


290 


308 


327 


335 


354 


372 


391 


410 


29 


136 


162 


190 


218 


246 


264 


282 


300 


318 


326 


344 


362 


381 


399 


30 


133 


158 


185 


212 


239 


257 


275 


292 


310 


318 


335 


353 


371 


388 1 


31 


129 


154 


180 


206 


233 


250 


268 


284 


302 


309 


326 


343 


361 


377 1 


32 


126 


150 


175 


200 


227 


243 


260 


277 


293 


300 


317 


333 


350 


367 


33 


123 


146 


170 


194 


220 


236 


253 


269 


285 


291 


307 


323 


340 


356 


34 


120 


142 


165 


188 


214 


230 


246 


261 


277 


283 


298 


314 


330 


345 1 


35 


117 138 


160 


182 


208 


223 


238 


253 


268 


274 


289 


304 


320 


334 

1 


A-ea, in.2 


12.06 
256 


14.70 
288 


17.64 


20.58 


22.56 
658 


24.31 
730 


26.06 
803 


27.81 
878 


29.56 


30.45 
910 


32.20 


33.95 


35.70 


37.45 


Ii-i,iiL-t 


323 


359 


954 


986 


1063 


1142 


1223 


r 1-1, in. 


4.61 


4.43 


4.28 


4.17 


5.40 


5.48 


5.55 


5.62 


5.68 


5.47 


5.53 


5.60 


5.66 


5.71 


l2-2f itt.* 


244 


279 


316 


351 


415 


444 


473 


501 


530 


537 


565 


594 


622 


651 , 


ra-2, m. 


4.50 


4..36 


4.23 


4.13 


4.29 


4.2? 


4.26 


4.24 


4.23 


4.20 


4.19 


4.1& 


4.18 


4.17 ' 


Weight 






























Lbs. per 
Foot 


60.4 


50.4 


69.4 


79.4 


76.7 


82.7 


88.6 


94.6 


100.5 


103.6 


109.5 


115.5 


121.4 


127.4 ' 

1 


Safe load values above zigzag line are for ratios of 1/r not over 60, those below zigzag line are for 


ratios not over 120 1/r. 
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12 INCH CHANNEL COLUMNS— Continued 

Safe Loads in Thottsands op Pounds 

Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under; reduced for 
lengths over 60 radii, see spedflcations, page 127. 

Weights do not include rivet heads or other 
details. 



I 



3' 

I 



11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 



Area,i2L3 



ri-i,in- 
1 2-2, in* 
r2-2,in. 



Weighty 

Lbs. per 

Foo^ 



2-12 in. Channels, 2-14 in. Plates 



502 
502 
502 
502 
502 



502 
502 
502 
502 
502 



498 
487 
476 
465 
453 

442 
431 
420 
409 
397 

386 
375 
364 
352 
341 




525 
525 
525 
525 
525 

525 
525 
525 
525 
525 



521 
509 
497 
486 
474 

462 
451 
439 
427 
415 

404 
392 
380 
368 
357 



•I 



s 



5? Ah 



548 
548 
548 
548 
548 

548 
548 
548 
548 
548 



543 
531 
518 
506 
494 

482 
469 
457 
445 
432 

420 
408 
396 
383 
371 



6. 



9t 



rj CD 



571 
571 
571 
571 
571 

571 
571 
571 
571 
571 



565 
553 
540 
527 
514 

502 
489 
476 
463 
450 

438 
425 
412 
399 
386 



593 
593 
593 
593 
593 

593 
593 
593 
593 
593 



588 
575 
561 
548 
535 

522 
508 
495 
482 
468 

455 
442 
428 
415 
402 




609 
609 
609 
609 
609 

609 
609 
609 
609 
609 



601 
587 
573 
559 
545 

532 

518 
504 
490 

477 

463 
449 
435 
421 
408 



J9 

4> 



6 



08 



eo 



632 
632 
632 
632 
632 

632 
632 
632 
632 
632 



623 
609 
594 
580 
566 

552 
537 
523 
509 
494 

480 
466 
452 
437 
423 




654 
654 
654 
654 
654 

654 
654 
654 
654 
654 



645 
631 
616 
601 
586 

571 
657 
542 
527 
512 

497 
483 
468 
453 
438 



S 9 

i2 



677 
677 
677 
677 
677 

677 
677 
677 
677 
677 



668 
653 
637 
622 
607 

591 
576 
561 
545 
530 

515 
499 
484 
469 
453 




700 
700 
700 
700 
700 

700 
700 
700 
700 
700 



689 
674 
658 
642 
626 

610 
594 
578 
563 
547 

531 
515 
499 
483 
467 




723 
723 
723 
723 
723 

723 
723 
723 
723 
723 



712 
695 
679 
663 
646 

630 
614 
597 
581 
564 

548 
532 
515 
499 

482 




745 
745 
745 
745 
745 

746 
745 
745 
745 
745 



734 

717 
700 
684 
667 

650 
633 
616 
599 
582 

566 
548 
531 
515 
498 




768 
768 
768 
768 
768 

768 
768 
768 
768 
768 



757 
739 
722 
704 
687 

670 
652 
635 
617 
600 

583 
565 
548 
530 
513 




791 
791 
791 
791 
791 

791 
791 
791 
791 
791 



779 
761 
743 
725 
707 

689 
672 
654 
636 
618 

600 
582 
564 
546 
628 




814 

814 
814 
814 
814 

814 
814 
814 
814 
814 



802 
783 
765 
746 
728 

709 
691 
672 
654 
635 

617 
599 
580 
562 
543 



38.64 




131.4 



40.39 



1258 

5.58 

688 

4.13 



137.4 



42.14 



1340 

5.64 

717 

4.12 



143.3 



43.80 



1424 

6.70 

745 

4.12 



149.3 



45.64 



1509 

5.75 

774 

4.12 



155.2 



46.83 




159.3 



48.58 



1544 

5.64 

808 

4.08 



165.2 



50.33 




171.2 



52.08 



1719 

5.74 

865 

4.08 



177.1 



53.83 



1808 

5.80 

894 

4.07 



183.1 



55.58 



1899 

5.86 

922 

4.07 



189.0 



57.33 



1992 

5.89 

961 

4.07 



195.0 



59.08 



2087 

5.94 

980 

4.07 



200.9 



60.83 



2183 
5.99 
1008 
4.07 



206.9 



62.58 



2280 
6.04 
1037 
4.07 



212.8 






Safe load valoes above heavy line are for ratios of I/r not over 60, those below heavy line are 
for ratios not over 120 1/r. 
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12 INCH CHANNEL COLUMNS— Continued 

Safe Loai>s in Thousands of Pounds 

Allowable Fiber Stress per square inch, 13,0OO 

{>ounds for lengths of 60 radii or under; reduced for 
engths over 60 radii, see specifications, page 127. 

Weights do not include rivet heads or other 
details. 



i..:....ie..'i..„„g 
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2-12 in 


. Channftlfl, 2-16 in. Plates 








1 

1 




ll 




-2 » 

SA4 


II 


•3 99 

il 


■is 
1^ 


ll 


II 


ll 


Effective 




Si 






6i 






^i 

CO 


fig 


is 


11 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


12 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


13 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


14 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


15 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


16 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


17 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


18 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


19 


619 


645 


671- 


697 


723 


749 


762 


788 


814 


840 


20 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


21 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


22 


619 


645 


671 


697 


723 


749 


762 


788 


814 


840 


23 


619 
619 


645 
645 


671 
671 


697 
697 


723 
723 


749 
749 


762 
762 


788 


814 


840 


24 


787 
772 


813 
797 


838 


25 


610 


635 


660 


686 


711 


736 


747 


822 


26 


599 


623 


648 


673 


697 


721 


732 


756 


781 


805 


27 


587 


611 


635 


659 


683 


707 


718 


741 


766 


789 


28 


575 


■ 599 


622 


646 


669 


693 


703 


726 


750 


773 


29 


563 


586 


609 


633 


655 


678 


688 


711 


734 


767 


30 


552 


574 


596 


619 


642 


664 


674 


696 


719 


741 


31 


540 


562 


583 


606 


628 


649 


659 


681 


703 


724 


32 


528 


549 


571 


593 


614 


635 


644 


665 


687 


708 


33 


516 


537 


558 


579 


600 


621 


630 


650 


672 


692 


34 


504 


525 


545 


566 


586 


606 


615 


635 


656 


676 


35 


493 


512 


532 


553 


572 


592 


600 


620 


640 


660 


irea,iii.2 


47.64 


49.64 


61.64 


53.64 


56.64 


67.64 


58.68 


60.58 


62.58 


64^8 


Ii-if in.* 


1581 


1678 


1777 


1878 


1980 


2084 


2015 


2119 


2225 


2333 


ri-i, in. 


6.76 


6.81 


5.87 


5.92 


6.97 


6.01 


5.87 


5.91 


6.96 


6.01 


Is.2,iiL4 


1121 


1164 


1206 


1249 


1292 


1334 


1349 


1392 


1434 


1477 


r2-2,ii»- 


4.85 


4.84 


4.83 


4.83 


4.82 


4.81 


4.80 


4.79 


4.79 


4.78 


Weight, 






















Lbs. per 


162.0 


168.8 


176.6 


182.4 


189.2 


196.0 


199.2 


206.0 


212.8 


219.6 


Foot 























Safe load values above sigsag line are for ratios of 1/r not over 60, those below ligsag line are for 
ratios not over 120 1/r. 
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12INCH CHANNEL COLUMNS— Continued 

Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square inch, 13,000 

f>ounds for lengths of 60 radii or under; reduced for 
engths over 60 radii, see specifications, page 127. 

Weights do not include rivet heads or other 
details. 
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1 
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sS 


annels. 
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|i 


1 


Si 




S.9 
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^.a- 
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5.a 




A • 




It) 


co'^ 


eo 


^- 


«^ 


^-^ 


WrH 


^'- 


lOr- 


U 


11 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


12 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


13 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


14 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


15 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


lioo 


16 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


17 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


18 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


19 


866 


892 


918 


944 


970 


996 


.1022 


1048 


1074 


1100 


20 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


21 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


22 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


23 


866 


892 


918 


944 


970 


996 


1022 


1048 


1074 


1100 


24 


864 


889 


915 


940 


966 


992 


1017 


1042 


1068 


1093 


25 


847 


872 


897 


922 


947 


972 


997 


1022 


1047 


1072 


26 


830 


854 


879 


903 


928 


953 


977 


1002 


1027 


1050 


27 


814 


837 


862 


886 


909 


034 


957 


981 


1006 


1029 


28 


797 


820 


844 


867 


891 


914 


937 


961 


985 


1007 


29 


780 


803 


826 


848 


872 


895 


917 


941 


964 


986 


30 


764 


786 


808 


830 


853 


876 


897 


920 


943 


965 


3^1 


■747 


768 


791 


812 


834 


857 


878 


900 


922 


943 


32 


730 


761 


773 


794 


815 


837 


858 


880 


901 


922 


33 


713 


734 


756 


776 


797 


818 


838 


859 


881 


900 


34 


697 


716 


737 


757 


778 


799 


818 


839 


860 


879 


35 


680 


699 


720 


739 


769 


779 


798 


819 


839 


858 


Area, in.2 


66.58 


68.58 


70.58 


72.58 


74.58 


76.58 


78.58 


80.58 


82.58 


84.58 


1 1-1, in* 


2443 


2555 


2668 


2783 


2901 


3020 


3141 


3264 


3389 


3516 


ri-i,in.* 


6.06 


6.10 


6.15 


6.10 


6.24 


6.28 


6.32 


6.36 


6.41 


6.45 


1 2-2, in* 


1520 


1562 


1605 


1648 


1690 


1733 


1776 


1818 


1861 


1904 


r2-2, in. 


4.78 


4.77 


4.77 


4.76 


4.76 


4.76 


4.75 


4.75 


4.75 


4.74 


Veight, 






















Lbs. per 


226.4 


233.2 


240.0 


246.8 


253.6 


260.4 


267.2 


274.0 


280.8 


287.6 


Foo^ 























Safe load values above heavy line are for ratios of 1/r not over 60, those below heavy Ime are for 
ratios not over 120 1/r. , 
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15 INCH CHANNEL COLUMNS— Continued 

Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square inch, 13,000 

f)oimds for lengths of 60 radii or imder; reduced for 
engths over 60 radii, see specifications, page 127. 

Weights do not include rivet heads or other 
details. 
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257 
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491 
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554 


580 
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413 
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465 


491 
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654 


580 


606 
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14 
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580 


606 
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632 


16 
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517 


628 
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632 


17 
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439 


465 
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517 


528 


554 


580 


606 


632 


18 
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439 


465 
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517 


628 


654 


680 
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19 
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268 
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517 


528 


554 


680 
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632 
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257 


268 
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413 


439 


465 


491 


517 


628 


654 


680 
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632 


21 
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268 


306 
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413 


439 


466 
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528 


554 


580 


606 


632 


22 


257 


268 


306 


344 


413 


439 


465 


491 


517 


628 


654 


580 


606 


632 


23 
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257 
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268 


306 
306 


344 


413 
413 


439 
439 


465 
465 


491 
491 


517 
517 


628 
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580 


606 


632 


24 


343 

336 


527 

617 


652 
642 


578 
567 


604 
692 


629 


26 


257 


266 


301 


407 


432 


457 


482 


607 


617 


26 


252 


261 


295 


329 


400 


424 


448 


473 


498 


607 


531 


655 


680 


605 


27 


247 


256 


289 


322 


392 


415 


440 


464 


488 


497 


620 


644 


569 


592 


28 


243 


251 


284 


316 


384 


407 


431 


454 


478 


486 


610 


633 


567 


580 


29 


238 


246 


278 


309 


376 


399 


422 


446 


468 


476 


499 


622 


645 


568 


30 


233 


241 


272 


302 


368 


390 


413 


436 


458 


466 


488 


611 


533 


556 


31 


228 


236 


266 


296 


360 


382 


404 


426 


448 


456 


478 


499 


622 


543 


32 


224 


231 


260 


289 


352 


373 


395 


416 


438 


446 


467 


488 


610 


531 


33 


219 


226 


254 


282 


345 


365 


386 


407 


428 


436 


456 


477 


498 


519 


34 


214 


221 


249 


276 
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357 


377 


398 
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425 


446 


466 
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507 


35 
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216 


243 


269 


329 


348 
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388 


408 


415 


435 


454 


475 


494 


iTea,in.2 


19.80 


20.58 


23.52 


26.48 


31.80 


33.80 


35.80 


37.80 


39.80 


40.58 


42.58 


44.58 


46.58 


48.58 


Ii-i, in.* 


625 


640 


695 
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1334 


1459 


1586 


1715 


1847 


1861 


1994 


2129 


2267 


2406 


ri-i, in. 


5.62 


5.58 


5.43 


5.32 


6.48 


6.57 


6.66 


6.74 


6.81 


6.77 


6.84 


6.91 


6.98 


7.04 


I2-2, in.* 


491. 


504 


652 


597 


747 


789 


832 


875 


917 


930 


973 


1016 


1058 


1101 


T2-2, in. 


4.98 


.4.95 


4.84 


4.75 


4.85 


4.83 


4.82 


4.81 


4.80 


4.79 


4.78 


4.77 


4.T7 


4.76 


Weight, 






























Lbs. per 
?oot 


80.2 


84.2 


92.1 


102.2 


106.8 


113.6 


120.4 


127.2 


134.0 


138.0 


144.8 


151.A 


158.4 


165.2 



Safe load values above zigzag line are for ratios of l/r not over 60, those below zigzag line are for 1 
ratios not over 120 l/r. 
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A Allowable Fiber Stress per square inch, 18.000 
pounds for lengths of 60 radii or under; reduced for 
lengths over 60 radii, see specifications, page 127. 
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942 


968 


13 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


14 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


15 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


16 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


17 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


18 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


19 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


20 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


21 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


22 


644 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


23 
24 


644 
639 


670 


696 


722 


748 


774 


786 


812 


838 


864 


890 


916 


942 


968 


665 


690 


715 


741 


767 


777 


802 


827 


863 


879 


904 


930 


966 


25 


627 


651 


677 


701 


727 


762 


761 


786 


811 


836 


861 


886 


912 


937 


26 


614 


638 


663 


687 


712 


737 


746 


770 


794 


819 


844 


868 


893 


918 


27 


602 


626 


649 


673 


697 


721 


730 


764 


778 


802 


826 


850 


874 


898 


28 


689 


612 


636 


669 


683 


706 


716 


738 


761 


786 


808 


832 


856 


879 


29 


577 


599 


622 


645 


668 


691 


699 


722 


746 


768 


791 


814 


837 


860 


30 


564 


586 


609 


631 


653 


676 


684 


706 


728 


751 


773 


796 


818 


841 


31 


661 


573 


595 


616 


639 


661 


668 


689 


711 


734 


756 


778 


800 


822 


32 


639 


560 


581 


602 


624 


646 


653 


673 


695 


716 


738 


760 


781 


803 


33 


626 


547 


568 


588 


609 


630 


637 


657 


678 


699 


720 


741 


763 


784 


34 


614 


534 


564 


574 


595 


615 


622 


641 


662 


682 


703 


723 


744 


764 


35 


501 


520 


541 


560 


580 


600 


606 


625 


645 


665 


685 


705 


726 


745 


Area, ln2 


49.52 


61.52 


53.52 
2602 


55.52 
2746 


67.52 


69.52 


60.48 


62.48 


64.48 
3244 


66.48 
3396 


68.48 
-3550 


70.48 
3707 


72.48 


74.48 


1 1-1, in.* 


2322 


2461 


2891 


3039 


2946 


3094 


3865 


4026 


ri-i,in. 


6.85 


6.91 


6.97 


7.03 


7.09 


7.15 


6.98 


7.04 


7.09 


7.15 


7.20 


7.25 


7.30 


7.36 


1 2-2, in* 


1106 


1149 


1192 


1234 


1277 


1320 


1322 


1365 


1408 


1450 


1493 


1536 


1578 


1621 


r2-2,in. 


4.73 


4.72 


4.72 


4.71 


4.71 


4.71 


4.68 


4.67 


4.67 


4.67 


4.67 


4.67 


4.67 


4.67 


Veight, 


















Lbs. per 
Foot 


168.4 


175.2 


182.0 


188.8 


196.6 


202.4 


205.6 


212.4 


219.2 


226.0 


232.8 


239.6 


246.4 


253.2 


Safe] 


oad values above heavy line are for ratios of 1/r not over 60, those below heavy line are 


for ratios 


not over 120 1/r. 
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CARNEQIB STEBL COMPANY 

15 INCH CHANNEL COLUMNS— Continued i 
Safe Loads hj Thousands of Pounds 

Allowable Fiber Stress per squue Inch. 13.000 
poundB (or lengtha of 60 nuul or under; reduced lor 
lengths over 60 radii, see spedflcatlons. page 127. 

Weights do not include rivet heads or otbw | 



60. tbuabdowiigHctine ap 



COLUMNS 



c 



IQ 






1, 



■h 

t 



-111—. 



f 



■rrr 



^ 



-18 



J2 



^ 






15 INCH CHANNEL COLUMNS— Continued 
Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under; reduced for 
lengths over 60 radii, see specifications, page 127. 

Weights do not include rivet heads or other 
details. 



-8 



2-15 in. Channeb, 2-18 in. Plates 



4S 







|5 



.a 

15 






J9 






Si 



11 

12 
13 

14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 

27 

28 
29 
30 

31 
32 
33 
34 
35 



Ai«a,iii.2 



Ii-i,in.* 
ri-i,in, 

r2-3>i^^ 



Weight, 

lbs. per 

Foot 



841 
841 
841 
841 
841 

841 
841 
841 
841 
841 

841 
841 
841 
841 
841 

841 
841 



871 
871 
871 
871 
871 

871 
871 
871 
871 
871 

871 
871 
871 
871 
871 

871 
871 



900 
900 
900 
900 
900 

900 
900 
900 
900 
900 

900 
900 
900 
900 
900 

900 
900 



929 
929 
929 
929 
929 

929 
929 
929 
929 
929 

929 
929 
929 
929 
929 

929 
929 



829 
814 
800 

786 
771 
767 
743 
728 



857 
843 
828 

813 
798 
783 
768 
754 



885 
870 
855 

839 
824 
809 
793 

778 



913 
897 
882 

866 
850 
834 
818 
802 



958 
958 
958 
958 
958 

968 
958 
958 
958 
958 

968 
958 
958 
958 
958 



988 
988 
988 
988 
988 

988 
988 
988 
988 
988 

988 
988 
988 
988 
988 



958 988 



1017 
1017 
1017 
1017 
1017 

1017 
1017 
1017 
1017 
1017 

1017 
1017 
1017 
1017 
1017 

1017 



1046 
1046 
1046 
1046 
1046 

1046 
1046 
1046 
1046 
1046 

1046 
1046 
1046 
1046 
1046 

1046 



1075 
1075 
1075 
1075 
1075 

1075 
1075 
1075 
1075 
1075 

1075 
1075 
1075 
1075 
1075 

1075, 



1105 
1105 
1105 
1105 
1105 

1106 
1105 
1105 
1105 
1105 

1105 
1105 
1105 
1105 
1105 

1105 



1134 
1134 
1134 
1134 
1134 

1134 
1134 
1134 
1134 
1134 

1134 
1134 
1134 
1134 
1134 

1134 



942 
926 
909 

893 
877 
860 
844 
827 



958 J 987 

970 
053 
936 



919 
902 
885 
868 
852 



1015 

998 
980 
963 



945 
928 
911 
893 
876 



1044 

1026 

1009 

991 



973 

955 
937 
919 



1073 

1054 
1036 
1017 



999 
980 
962 
943 



901 925 



1102 

1083 
1064 
1045 



1026 

1007 

988 

969 

950 



1131 

1112 
1092 
1073 



1053 

1034 

1014 

995 

975 



1163 
1163 
1163 
1163 
1163 

1163 
1163 
1163 
1163 
1163 

1163 
1163 
1163 
1163 
1163 

1163 



1159 
1139 
1119 
1099 

1079 
1059 
1039 
1019 
999 



1222 
1222 
1222 
1222 
1222 

1222 
1222 
1222 
1222 
1222 

1222 
1222 
1222 
1222 
1222 

1222 



1216 

ri95 
1174 
1153 



1132 
1111 
1090 
1069 
1048 



1280 
1280 
1280 
1280 
1280 

1280 
1280 
1280 
1280 
1280 

1280 
1280 
1280 
1280 
1280 

1280 



1275 

1253 
1231 
1208 



1186 
1164 
1142 
1120 
1098 



64.731 66.981 69J23 71.481 73.73 75.98| 78.23 80.481 82.73 84.98 87.23 89.481 93.98 98.48 



3221 
7.05 
1903 
5.42 



220.1 



3387 
7.11 
1964 
5.42 



227.7 



3556 
7.17 
2025 
5.41 



235.4 



3727 
7.22 
2086 
5.40 



243.0 



3900 
7.27 
2146 
5.40 



250.0 



4076 
7.32 
2207 
5.39 



258.3 



4255 
7.37 
2268 
5.38 



266.0 



4436 
7.42 
2329 
5.38 



273.6 



4619 

7.47 

2389 

5.37 



281.3 



4805 

7.52 

2450 

6.37 



288.9 



4994 

7.57 

2511 

5.37 



296.6 



5185 

7.61 

2572 

6.36 



304.2 



6575 
7.70 
2693 
5.35 



319.5 



5976 
7.79 
2815 
5.35 



334.8 



Safe load values above zigzag line are for ratios of 1/r not over 60, those below zigzag line are for 
ratios not over 120 i/r. 
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15 INCH CHANNEL COLUMNS— Concluded 
Safe Loads in Thousands of Pottnds 

Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under; reduced for 
fengths over 60 radii, see si>eciflcations, page 127. 

Weights do not Include rivet heads or other 
details. 



11 
12 
13 
14 
15 

16 
17 
IS 
19 
20 

21 
22 
23 
24 
25 

26 

27 
28 
29 

30 

31 
32 
33 
34 
35 



2-15 in. Channels 



351b. 



Am,iiLa 



ri-i,in. 
1 2-2, in,* 
r2-2.in- 



Weight, 

Lbs. per 

Foot 



S 

CI ^ 

H H 
00 -^ 



1340 
1340 
1340 
1340 
1340 

1340 
1340 
1340 
1340 
1340 

1340 
1340 
1340 
1340 
1340 

1340 



1331 
1307 
1284 

1261 

1238 
1214 
1191 
1168 
1145 



c^c^ 



1408 
1408 
1408 
1408 
1408 

1408 
1408 
1408 
1408 
1408 

1408 
1408 
1408 
1408 
1408 

1408 



1394 
1369 
1344 

1320 

1295 
1270 
1246 
1221 
1197 



45 lb. 



e^e^ 



1485 
1485 
1485 
1485 
1485 

1485 
1485 
1485 
1485 
1485 

1485 
1485 
1485 
1485 
1485 



2-15 in. 45 lb. QiannelB 




1547 
1547 
1547 
1547 
1547 

1547 
1547 
1547 
1547 
1547 

1547 
1547 
1547 
1547 
1547 



1485 1647 
1547 



1465 
1439 
1413 

1387 1543 



1547 
1547 



1361 
1335 
1309 
1283 
1257 



1519 
1495 
1471 
1447 
1424 



1612 
1612 
1612 
1612 
1612 

1612 
1612 
1612 
1612 
1612 

1612 
1612 
1612 
1612 
1612 

1612 

1612 
1612 
1612 



I 



1607 

1582 
1557 
1532 
1507 
1482 



1677 
1677 
1677 
1677 
1677 

1677 
1677 
1677 
1677 
1677 

1677 
1677 
1677 
1677 
1677 

1677 

1677 
1677 
1677 



1670 

1644 
1618 
1592 
1566 
1540 



i^ 



1742 
1742 
1742 
1742 
1742 

1742 
1742 
1742 
1742 
1742 

1742 
1742 
1742 
1742 
1742 

1742 
1742 
1742 
1742 



1735 

1708 
1681 
1654 
1627 
1600 



1807 
1807 
1807 
1807 
1807 

1807 
1807 
1807 
1807 
1807 

1807 
1807 
1807 
1807 
1807 

1807 

1807 
1807 
1807 



1798 

1770 
1742 
1714 
1686 
1658 



1872 
1872 
1872 
1872 
1872 

1872 
1872 
1872 
1872 
1872 

1872 
1872 
1872 
1872 
1872 

1872 

1872 
1872 
1872 



1863 

1834 
1805 
1776 
1747 
1718 



,103.08 


108.33 


114.23 


118.98 


123.98 


128.98 


133.98 


138.98 


6037 
7.65 
2919 
5.32 


6123 
7.52 
3021 
5.28 


6233 
7.39 
3148 
5.25 


6397 
7.33 
4240 
5.97 


6843 

7.43 

4407 

5.96 


7300 
7.52 
4573 
5.95 


7769 
7.61 
4740 
5.95 


8251 
7.70 
4907 
5.94 


350.6 


368.4 


388.4 


404.5 


421.5 


438.5 


455.5 


472.6 



143.98 



8744 
7.79 
5073 
5.94 



489.5 



1937 
1937 
1937 
1937 
1937 

1937 
1937 
1937 
1937 
1937 

1937 
1937 
1937 
1937 
1937 

1937 

1937 
1937 
1937 



1926 

1896 
1866 
1836 
1806 
1775 



2002 
2002 
2002 
2002 
2002 

2002 
2002 
2002 
2002 
2002 

2002 
2002 
2002 
2002 
2002 

2002 

2002 
2002 
2002 



1091 

1960 
1929 
1897 
1866 
1835 



2067 
2067 
2067 
2067 
2067 

2067 
2067 
2067 
2067 
2067 

2067 
2067 
2067 
2067 
2067 

2067 
2067 
2067 
2067 



2054 

2022 
1989 
1957 
1925 
1893 



2132 
2132 
2132 
2132 
2132 

2132 
2132 
2132 
2132 
2132 

2132 
2132 
2132 
2132 
2132 

2132 

2132 
2132 
2132 



2118 

2085 
2052 
2019 
1985 
1952 



148.98 



9251 
7.88 
6240 
5.93 



606.6 



163.98 



9770 
7.97 
6407 
5.93 



623.5 



168.98 



10301 
8.05 
6673 
6.92 



640.5 



163.98 



10846 
8.13 

6740' 
6.92 



667.5 



Safe load Talues above xigxag line are for ratios of 1/r not over 60, those below sigsag line are ' 
for ratios not over 120 1/r. 
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PLATE AND ANGLE COLUMNS 

Safe Loads in Thousands of Poxtnds 

Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under; reduced for 
lengths over 60 radii, see spedflcations, page 127. 

Weights do not include rivet heads or other 
details. 



-g 


Web Plate 6 xV4 


Web Plate 8 X 


V4, 


WebPlate8x<Ko 


WebPlate8x% 


c£ 










9 




« 


• 




«» 






9 




.a 


;? 


;? 


ai 


a? 


^ 


S«l 


Si 


Si 


# 


Si 


# 


;§5 


^ 


;? 


H 


H 


M 


M 


H 


H 


H 


H 


H 


H 


H 


H 


M 


H 


% 


M 


04 


^ 


^ 


S 


^ 


^ 


^ 


^ 


CO 


CO 


CO 


CO 


CO 


g 


H 


H 


M 


H 


H 


H 


H 


H 


M 


H 


H 


H 


H 


H 


»-5 


;? 


CO 


eo 


eo 


eo 


;s 


;|! 


S 


;*! 


"O 


"* 


ytt 


•^ 


^ 


? 


e^ 










eo 


eo 


CO 












1 


t 

< 


1 

•< 


■>* 


1 

< 


I 

< 


1 

•< 


■* 


J 

< 

125 
125 


1 

142 
142 


1 


1 


J 

r 

< 


■* 


1 


6 


69 
63 
56 
49 


81 


88 


94 
86 
79 

72 


110 


101 
101 


119 
119 


141 
141 
141 


161 
161 
161 


168 
168 
168 


188 
188 
188 


208 


7 


78 
72 
66 


82 
76 
69 


103 
95 

87 


208 


8 


96 
89 


115 
107 


120 
112 


138 
130 


208 


9 


136 


168 


163 


186 


206 


10 


43 


60 

54 
49 


63 

56 
60 


65 
57 


78 

70 
62 


83 

76 
70 
63 


100 

92 
85 

78 


104 

96 
89 
81 


121 

112 

104 

95 


128 

121 
113 
105 


149 

140 
131 
123 


154 

145 
136 
127 


176 

166 
165 
145 


196 


11 


38 
35 
32 


185 


12 


50 
47 


174 


13 


43 


45 


66 


163 


14 


28 
25 

22 

18 


40 
37 

34 
32 
29 


42 
39 

35 
32 

29 


43 
39 

36 
32 

28 


52 

48 

44 
40 
36 


57 


70 


73 


86 

77 


97 
89 


114 
105 


118 
109 

100 
00 


135 
124 

114 
104 


152 


15 


52 

49 
46 
43 


63 

60 
56 
52 


66 

62 
58 
64 


141 


16 


73 

68 
64 


81 


97 


130 


17 


75 
71 


88 


120 


18 


83 


86 


98 


110 


19 




26 


26 


25 


32 


39 


49 


50 


60 


67 


79 


81 


93 


105 


20 




23 


22' 




28 


36 


45 


47 


65 


63 


74 


77 


88 


100 


21 




20 








33 


41 


43 


51 


59 


70 


72 


83 


94 


22 












30 


38 


39 


47 


65 


66 


68 


78 


89 


23 












27 


34 


35 


42 


51 


61 


63 


73 


83 


24 












23 


30 


31 


38 


48 


57 


59 


68 


78 


25 


















34 


44 


53 


54 


63 


72 


26 




















40 


48 


49 


68 


67 


27 




















36 


44 


45 


53 


62 


28 


1 




















39 


40 


48 


66 


29 


1 


























61 


30 


1 




























Area, iiL^ 


6.74 
34.3 


6.26 
39 1 


6.74 
42.6 


7.24 


8.48 


7.76 
90.1 


9.12 
107 


9.62 


10.94 


10.86 
122 


12.42 
141 


12.92 


14.48 


16.00 


Ii-i. in.* 


81.2 


96.9 


110 


127 


143 


161 


178 


ri-i, in. 


2.45 


2.60 


2.61 


3.35 


3.38 


3.41 


3.43 


3.38 


3.40 


3.35 


3.36 


3.33 


3.34 


3.33 


1 2-3, in.* 


6.2 


10.3 


10.3 


10.3 


12.9 


16.0 


20.2 


20.7 


24.9 


30.3 


36.3 


37.2 


43.5 


60.2 


r3.2i in. 


1.04 


1.28 


1.24 


1.19 


1.23 


1.44 


1.49 


1.47 


1.61 


1.67 


1.71 


1.70 


1.73 


1.77 


Vaight, 




















Lbi.per 


19.6 


21.5 


23.1 


24.8 


29.2 


26.4 


31.2 


32.9 


37.3 


37.3 


42.6 


44.2 


49.4 


64.6 


Foot 































Safe load values above and to right of upper sigzag line are for ratios of 1/r not over 60, those 
between the xigxag lines are for ratios up to 120 1/r, and those below lower sigxag line are for ratios not 
over 200 1/r. 
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CARNBaiB STEEL COMPANY 



'If 



PLATE AND ANGLE COLUMNS— Continued 
Safe Loju>s in Thopsands op Pounds , 
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PLATE AND ANGLE COLUMNS— Continued 

Safe Loads in Thousands op Pounds 

Allowable Fiber Stress per square inch, 13.000 
pounds for lengths of 60 radii or under; reduced for 
lengths over 60 radii, see specifications, page 127. 

Weights do not include rivet heads or other 
details. 
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316 
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264 
250 
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447 
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307 
293 
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338 

323 
307 


569 
553 
536 
520 
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470 
454 
437 

421 
404 
388 
371 
354 

338 
321 
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579 
562 
544 

527 
509 
492 
476 
457 
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422 
405 
388 
370 

353 
336 


613 
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576 
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522 
504 
486 
468 
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431 
413 
395 
377 
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341 


663 
644 
625 
606 
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568 
548 
529 
510 
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472 
453 
434 
415 

396 
377 
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654 

634 
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554 

534 
514 
494 
474 
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434 
414 
394 


763 
742 
721 
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679 
658 
637 
616 
595 

574 
553 
532 
611 
490 
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32 


203 
197 
191 
186 


272 

264 
257 
249 


448 


33 


228 
221 
215 


242 

235 

229 


257 

250 
243 


294 
287 
279 


309 
301 
293 


323 

315 
306 


331 
322 
313 


361 

351 
342 


427 


34 
35 


381 
371 


409 
399 


Area,in.2 


29.44 


32.94 


35.22 


37.50 


39.00 


42.50 


44.74 


46.94 


48.44 


51.94 


55.44 


58.94 


Ii-i,ln.* 
n-i.in. 

l2-2,in.* 

r2-2iitt. 


916 

5.58 

291 

3.14 


1073 

5.71 

348 

3^5 


1136 

5.68 

368 

3.23 


1197 

5.65 

388 

3.22 


1215 

5.58 

394 

3.18 


1377 

5.69 

451 

3.26 


1437 

5.67 

472 

3.25 


1495 

5.64 

492 

3.24 


1513 

5.59 

499 

3.21 


1682 
5.69 
556 
3.27 


T85e 

5.79 

613 

3.33 


2037 

5.88 

671 

3.37 


Weight, 

Lbs. per 

Foot 


100.2 


112.1 


120.1 


127.7 


132.8 


144.7 


152.3 


159.9 


165.0 


176.9 


188.8 


200.7 



Safe load values above and to right of upper ligsag line are for ratios of 1/r not over 60, those 
between sigzag lines are for ratios up to 120 l/r, and those below lower sigug line are for ratios not 
over 200 i/r. 
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PLATE AND ANGLE COLUMNS— Continued 

Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 60 radii or under; reduced for 
lengths over 60 radii, see speciflications, page 127. 

Weights do not include rivet heads or other 
details. 
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336 
323 

309 
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269 
255 
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456 
442 
428 
416 

401 
387 
373 
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345 

331 
317 
303 
289 
276 

261 


497 
482 


18 


^91 
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725 
703 
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659 
637 

615 
593 
571 
549 
527 

505 
483 
461 
439 
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817 
794 

771 
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725 
702 
679 

657 
634 
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588 
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542 
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496 
473 
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840 

817 
793 
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745 
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697 
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649 
625 
601 

677 
653 
529 
505 


937 
912 
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862 
837 
812 
787 
762 

738 
713 
688 
663 
638 

613 
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563 
538 
613 
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908 
882 
856 
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779 
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727 
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676 
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623 
597 
571 
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1034 
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764 
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638 
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439. 
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410 
396 
381 
367 

363 
338 
324 
309 
296 


31 


227 

220 
214 
208 
201 


243 
236 
229 
222 
216 


281 


32 
33 
34 


205 
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194 
188 


251 
244 
237 
230 


267 
260 
253 


35 


427 


456 


484 


245 


Ar«a,in.3 


62.44 


65.94 


69.44 


72.94 


76.44 


79.94 


83.44 


86.94 


3049 


32.47 


34.75 


36.50 


38.25 


Ii-i, in.4 
ri-i, in. 
I2-2, in.* 
T2-2f in. 


2224 

5.97 

728 

3.41 


2418 

6.06 

785 

3.45 


2618 

6.14 

842 

3.48 


2825 

6.22 

899 

3.51 


3038 
6.30 
956 
3.54 


3259 
6.38 
1014 
3.56 


3486 
6.46 
1071 
3.58 


3721 
6^ 
1128 
3.60 


1261- 

6.46 

291 

3.10 


1351< 

6.45 

311 

3.09 


1436 

6.43 

331 

. 3.09 


1539 

6.49 

360 

3.14 


1643 

6.55 

388 

3.19 


Weight, 
Lbs.p«r 

root 


212.6 


224.5 


236.4 


248.3 


260.2 


272.1 


284.0 


295.9 


102.8 


110.8 


118.4 


124.3 


130.3 



Safe load yahies above and to right of upper sigzag line are for ratios of 1/r not over 60, those 
between sigsag lines are for ratios up to 120 1/r, and those below lower sigsag line are for ratios not 
oyer 200 1/r. 
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PLATE AND ANGLE COLUMNS— Continued 

Safe Loads in Thousands op Pounds 

Allowable Fiber Stress per square inch. 13.000 
pounds for lengths of 60 radii or under; reduced for 
lengths over 60 radii, see specifications, page 127. 

Weights do not include rivet heads or other 
details. 
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489 



40.00 I 41.75 



Weight, 

Lbs. p«r 

Foot 



1749 
6.61 
417 
3.23 



136.2 



1857 
6.67 
446 
3.27 



142.2 



43.50 



1885 

6.58 

451 

3.22 



148.1 



45.74 



1970 

6.56 

472 

3.21 



155.7 



47.94 



2053 
6.54 
492 
3.20 



49.69 



2081 

6.47 

499 

3.17 



163.3 169.3 



53.19 



2302 

6.58 

556 

3.23 



181.2 



56.69 



2529 

6.68 

613 

3.29 



193.1 



60.19 



2764 

6.78 

671 

3.34 



205.0 



63.69 



3006 
6.87 
728 
3.38 



216.9 



67.19 



3255 

6.96 

785 

3.42 



228.8 



70.69 



3512 
7.05 
842 
3.46 



240.7 



Safe load values above and to right of upper zigzag line are for ratios of I/r not over 60, thooe 
between the zigzag lines are for ratios up to 120 1/r, and those below lower zigzag line are for ratios 
Dot over 200 1/r. 
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PLATE AND ANGLE COLUMNS-Oontinued 

Safe Loads in Thoi^ands of Pounds 

Allowable Fiber Stress per square inch, 13.000 

f>ounds for lengths of 60 radii or under; reduced for 
engths over 60 radii, see specifications, page 127. 

Weights do not include rivet heads or other 
details. 
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719 
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642 
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732 
706 
679 


825 
797 
770 
742 
715 


867 
838 
810 
781 
753 


907 

877 
848 
818 
789 


1036 

1009 

981 

954 

926 


1087 
1058 
1030 
1001 
973 


1123 
1093 
1062 
1031 
1000 


1174 
1142 
1111 
1079 
1047 


1226 
1192 
1160 
1127 
1094 


1274 
1241 
1207 
1173 
1139 


1324 
1289 
1254 
1220 
1185 


31 
32 
33 
34 


617 
591 
565 
540 


653 
626 
600 
573 
546 


687 
659 
632 
604 
577 


724 
696 
667 
639 
610 


759 
730 
700 
671 
641 


899 
871 
843 
816 

788 


944 
916 
887 
.859 
830 


970 
939 
908 

877 
847 


1015 
984 
952 
920 
889 


1062 

1029 

996 

964 

931 


1106 
1072 
1038 
1005 
971 


1150 
1115 
1081 
1046 


35 


517 


1011 


Area,iD.2 


74.19 


77.69 


81.19 


84.69 


88.19 


92.19 


96.19 


101.19 


105.19 


109.19 


113.19 


117.19 


Ii-i,in.* 
r 1-1, in. 
l2-a,in.* 
r 2-2, in. 


3776 

7.13 

899 

3.48 


4048 

7.22 

956 

3.51 


4327 
7.30 
1014 
3.53 


4615 
7.38 
1071 
3.56 


4910 
7.46 
1128 
3.58 


5120 
7.45 
1493 

4.02 


5457 
7.53 
1579 
4.05 


5484 
7.36 
1581 
3.95 


5830 
7.44 
1666 
3.98 


6187 
7.53 
1752 
4.01 


6552 
7.61 
1837 
4.03 


6928 
7.69 
1922 
4.05 


Weight, 

Lbs. per 

Toot 


252.6 


264.5 


276.4 


288.3 


300:2 


313.8 


327.4 


344.2 


357.8 


371.4 


385.0 


398.6 



Safe load values aboye and to right of upper ligzag line are for ratios of 1/r not over 60. those 
between the sigxag lines are for ratios up to 120 1/r and those below lower zigaag line are for ratios 
not over 200 I/r. 
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PLATE AND ANGLE COLUMNS— Concluded 
Safe Loads in Thousands op Pounds 
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Allowable Fiber Stress per square inch. 13.000 

{)ounds for lengths of 60 radii or under; reduced 
engths over 60 radii, see spedflcations, page 127. 
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^•Dl 


11 

12 
13 
14 
15 


1592 
1592 
1592 
1592 
1692 


1657 
1657 
1657 
1657 
1657 


1728 
1728 
1728 
1728 
1728 


1787 
1787 
1787 
1787 
17«7 


1845 
1845 
1845 
1845 
1845 


1904 
1904 
1904 
1904 
1904 


1949 
1949 
1949 
1949 
1949 


2027 
2027 
2027 
2027 
2027 


2092 
2092 
2092 
2092 
2092 


2167 
2167 
2157 
2157 
2157 


2222 
2222 
2222 
2222 
2222 


2287 
2287 
2287 
2287 
2287 


16 
17 
18 
19 


1592 
1592 
1592 
1592 


1657 
1657 
1657 
1657 
1657 


1728 
1728 
1728 
1728 
1728 

1728 
1728 
1728 


1787 
1787 
1787 
1787 
1787 

1787 
1787 
1787 


1845 
1845 
1845 
1845 
1845 

1845 
1845 
1845 


1904 
1904 
1904 
1904 
1904 

1904 
1904 
1904 


1949 
1949 
1949 
1949 
1949 

1949 
1949 
1949 


2027 
2027 
2027 
2027 
2027 

2027 
2027 
2027 
2027 
2027 


2092 
2092 
2092 
2092 
2092 

2092 
2092 
2092 
2092 
2092 


2167 
2157 
2167 
2157 
2157 

2157 
2157 
2157 
2157 
2157 


2222 
2222 
2222 
2222 
2222 

22!22 
2222 
2222 
2222 
2222 


2287 
2287 
2287 
2287 


20 


1590 

1553 
1516 
1479 
1443 
1406 

1369 
1332 
1295 
1258 
1222 


2287 


21 
22 
23 


1653 
1616 
1580 
1543 
1507 

1470 
1434 
1397 
1360 
1324 


2287 
2287 
2287 


24 
25 


1695 
1661 

1626 
1592 
1557 
1522 
1488 


1756 
1721 

1685 
1650 
1614 
1578 
1543 


1818 
1781 

1744 
1708 
1671 
1635 
1598 


1879 
1842 

1804 
1766 
1729 
1691 
1653 


1918 
1879 

1841 
1802 
1763 
1724 
1686 


2287 1 
2287 . 


26 
27 
28 
29 
30 


2009 
1972 
1935 
1899 
1862 


2077 
2039 
2002 
1964 
1926 


• 

2146 
2107 
2068 
2029 
1991 


2214 
2175 
2135 
2095 
2055 


2283 
2242 
2202 
2161 1 
2120 ' 


31 
32 
33 
34 
35 


1185 
1148 
1111 
1074 
1038 


1287 
1251 
1214 
1177 
1141 


1453 
1419 
1384 
1349 
1315 


1507 
1471 
1436 
1400 
1365 


1561 
1525 
1488 
1451 
1415 


1616 
1578 
1541 
1503 
1465 


1647 
1608 
1569 
1530 
1492 


1825 
1789 
1752 
1715 
1679 


1889 
1851 
1813 
1775 
1738 


1952 
1913 
1874 
1836 
1797 


2016 
1976 
1936 
1896 
1857 


2079 ' 
2039 , 
1998 1 
1967 
1916 

1 


im,in.» 


122.44 


127.44 


132.94 


137.44 


141.94 


146.44 1 149.94 


166.94 


160.94 


165.94 


170.94 


175.94 


Ii-i,in.* 

l2-2.in.* 
r2-2,in, 


7014 
7.57 
1946 
3.99 


7254 
7.54 
2229 
4.18 


7659 
7.54 
2831 
4.61 


7981 
7.62 
2953 
463 


8415 
7.70 
3074 
4.65 


8859 
7.78 
3196 
4.67 


8916 
7.71 
3222 
4.64 

610.1 


9248 
7.70 
4049 
6.10 

630.5 


9741 
7.78 
4216 
5.12 


10248 
7.86 
4383 
5.14 


10767 
7.94 
4549 
5.16 


11298 ' 
8.01 
4716 1 
5.18 1 


\7eight, 

Lbs. per 

Foot 


416.4 


433.6 


452.3 


467.6 


482.9 


498.2 


547.5 


564.5 


581i> 


598U> . 



Safe load values above and to right of sigzag line are for ratios of 1/r not over 60, those below 
ligxag line are for ratios not over 120 \/t. 
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COLUMN DETAILS 

TYPICAL COLUMN DETAILS 

Simplicity in details is essential to 
economical conHtniction. To eliminate 
bending or secondary stresses, 
de^rable in maJdng designs and detmis 
that loads be transmitted from beams, 
^rdera and trusses to columns directly 
and with the minimum number of 
connecting pieces, rivetE^ or bolts, and 
t^at the rivets or bolta be stressed in 
shear or bearing only. 

The column connectionfi shown on 
this page and the two pages which fol- 
low represent the beat modern practice 
and conform to these fundamental 
conditions and cover the range of 
cases met with in ordinary mill and 
office building construction. 

Where columns rest on steel slabs 
or castings, the loads are transmitted 
directly into the footing, and shoe 
angles may be provided for proper 
anchorage. Where they rest on 
masonry, gusset plates may be re- 
quired to distribute the load. 

Columns should be nulled to accu- 
rate bearing at joints, with splice plates 
sufficient to hold the sections in line 
andtoreastbendingstresses. Horizon- 
tal bearing plates must be used between 
column sections of different forms or 
general dimensions. Rivet spacing in 
column shafts and at beam connections 
should be uniform to permit the use of 
multiple punches; spacing should be 
in multiples of on^-quarter inch. 

Erection requirements should not 
■ be overlooked; beams should frame 

with ample clearances, particularly to 
L webs, and rivets should be 
couateiHunk or flattened where neces- 
MILL BUILDING COLUMN sary to swing beams into position. 
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TYPICAL COLUMN DETAILS 
Ofkcb Bdiuhno Construction 



Sectign A-A Section B-B 



TYPICAL ANGLE COLtTMN 
Bearing on Mnsonry 



cClon A-A Section B-B 
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ANOLE COLUUS 
BearlDg oD Btsel 



COLUMN DETAILS 

TYPICAL COLUMN DETAILS 

Office Buildino Consthcction 



Section A-A Section B-B 
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TYPICAL SPLICE 
Anzle Colunm ta Chwiael Co 



w 



TYPICAL SPLICE 
Aosle CalnnuiB, diftareat liiei 



TYPICAL CHANNEL COLUMN TYPICAL SPLICE 

BearlQK on Steel Channel Columna, different al 
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CAST IRON COLUMNS 
Allowable Unit Stresses in Pounds peb Squabe Inch 

For Various Ratios of Slendemess 
Proposed formula of New York Building Law : 9000-40 1/r lbs. per square inch 



l/r 


Lbs. per Sq. In. 


l/r 


Lbs. per 6q. In. 


l/r 


Lbs. per 8q. In. 


10 


8600 


30 


7800 


50 


7000 


11 


8560 


31 


7760 


51 


6960 


12 


8520 


32 


7720 


52 


6920 


13 


8480 


33 


7680 


53 


6880 


14 


8440 


34 


7640 


54 


6840 


15 


8400 


35 


7600 


55 


6800 


16 


8360 


36 


7560 


56 


6760 


17 


8320 


37 


7520 


57 


6720 


18 


8280 


38 


7480 


58 


6680 


19 


8240 


39 


7440 


59 


6640 


20 


8200 


40 


7400 


60 


6600 


21 


8160 


41 


7360 


61 


6560 


22 


8120 


42 


7320 


62 


6520 


23 


8080 


43 


7280 


63 


6480 


24 


8040 


44 


7240 


64 


6440 


25 


8000 


45 


7200 


65 


6400 


26 


7960 


46 


7160 


66 


6360 


27 


7920 


47 


7120 


67 


6320 


28 


7880 


48 


7080 


68 


6280 


29 


7840 


49 


7040 


69 
70 


6240 
6200 



The safe load for a cast iron column of given dimensions is determined 
from the above table by obtaining the ratio of l/r and multiplying the correspond- 
ing unit stress by the sectional area of colunm. 

Example: — Required the safe load of a cast iron colunm, 15 inches square, 
"^ inch in thickness, and 16 feet long. 

From table of Hollow Square Sections, page 163, the radius of gyration 
is 5.78 inches and the sectional area is 49.44 square inches; hence the ratio of 
l/r = 16 X 12 -H 5.78 = 33.2, corresponding to a stress of 7672 pounds per square 
inch, giving a total safe load of 49.44 x 7672 = 379300 pounds. 

The minimum size of a cast iron colimm of a certain length to safely 
support a given load is determined as follows: 

Divide the length in inches by 70; the quotient is the minimum allowable 
radius of gyration required. Divide the total load by 6200 pounds ; the quotient 
is the minimum sectional area. 

Example: — Required the minlTmim size of a round cast iron column, 20 
feet long, to support a load of 235000 pounds. 

The minimiun radius of gyration is 20 x 12 -i- 70 = 3.43 inches ; the minimum 
area is 235000 -t- 6200 = 37 .90 square inches. From table of Hollow Round Sec- 
tions, page 162, the nearest minimum size for this radius of gyration and this 
area is found to be a column 11 inches in diameter and 1 H inches in thickness. 
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CAST IRON COLUMNS 

ROUND CAST IRON COLUMNS 

Allowable Loads in Thousands of Poitnds 

By Proposed New York Building Law Formula 

Weights do not Include details 
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SQUARE CAST IRON COLUMNS 

Allowable Loads in Tboosands of Podnds 

By Proposed New York Building Law Formula 

Weights do not include details 
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FLOORS AND FLOOR LOADS 

Kinds of Loads. Two kinds of loads are carried by structures. 
Live loads consist of the weight of carriages, cranes or other handling 
devices and their supported loads, machinery, merchandise, persons 
or other moving objects, the support of which is the purpose of the 
structure, including also wind stresses. Dead loads consist of the 
actual weight of the structure itself with the walls, floors, partitions, 
roofs, and all other permanent construction and fixtures. The 
dead loads stress the structure at all times and it must, therefore, 
be proportioned to sustain them at all times without reduction. 
The live loads may be taken at their full values or reduced in 
accordance with the probabilities that the structure as a whole 
or its principal members will not be subject at all times to the full 
theoretical live loading. 

Dead Loads. The permanent load should be calculated from 
known weights per unit of the material composing floors, partitions, 
walls, or other permanent construction. The weight assumed for 
the steel frame itself should be checked after the sections are 
determined and then the sizes readjusted if necessary. 

Lire Loads. Live loads vary with the character of the struc- 
tures. In buildings they consist of uniform loads per square foot 
of floor area, concentrated loads, such as heavy safes, which may 
be appUed at any point of the floor, and uniform loads per lineal 
foot of beams or girders. The load which produces the maximum 
bending moment or reaction is to be used in proportioning sections. 
The floor system between beams must of course be of sufficient 
strength to transmit any concentrated load to the beam. 

In cities the minimum live loads to be used on the various classes 
of buildings are fixed by public ordinances, and are given on page 
284 for the principal cities of the United States in accordance with 
the most recent building laws, which are intended to cover general 
conditions and do not include machinery or other concentrations. 
If such concentrations, like safes, armatures, generators, or printing 
presses, occur on floors, special provision should be made for them 
in the floor framing. Flat roofs of buildings which may be loaded 
with people, should be treated the same as floors and the same 
uniform live loads used as given in the table for dwellings, hotels 
or assembly rooms. 
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FLOORS AND ROOFS 

Minimum Live Loads, Pounds peb S quake Foot 

By Building Laws of Various Cities 



Eind of Building 






n 






2 



a 

•43 

•a 



r 



I CO 



I- 

IS 



.S 2 

6" 



o 

QQ 



Apartments 

Public Rooms^ and Halls 

Assembly Halls 

Fixed Seat Auditoriums.. 
Movable Seat 

Auditoriums 

Churches 

Dance HaUs 

Drill Rooms 

Riding Schools 

Theaters 



60 
100 
125 



Dwellings 

Public Rooms^-. 

Hotels 

First Floors 

Corridors 

Office Floors... 
Public Rooms*. 



Manufacturing 

Light Factories . . . 

Mercantile 

Heavy Storehouses 

Retail Stores 

Warehouses 

Offices 

First Floor 

Corridors 



Schools (Class Rooms) 

Assembly Rooms — Halls 

Sidewalks 



200 
200 
200 

60 

100 

50 



100 
100 

125 



125 
260 

100 
100 

60 
125 



Stables — Carriage Houses.. 
Area less than 500 sq. ft. 

Stairways and Landings . . . 
Fire Escapes 

Roofs — Flatc 

Horizontal Projection 

Steep Roofs 

Superficial Surface 

Wind Pressure 



70 
70 

40 



60 



90 



90 



90 
60 

60 



120 
120 

150 

150 

75 
150 

75 
90 

300 

75 



50 
30 

30 



70 
120 



70 



70 



60 



75 

125 
76 



75 
60 

60 



60 

125 
125 



125 
150 
150 
150 
125 

50 
70 



120 
150 

150 
120 
150 

100 



125 



250 
126 

75 
150 

75 

200 
100 



125 
125 

200 
125 
200 

70 



70 
70 



30 
30® 



40 



20 



30 



50d 

50d 
50d 

26 



50 

80 

100 
80 

100 

150 



40 

60 

80 
80 



200 
125 

60 

100 

60 
80 

200 

80 

80 
80 

40 



40 
30© 



40 



100 

100 
100 
100 



100 
40 

50 



60 
100 



60 

60 
100 



60 

125 
75 

125 
125 



125 
60 

60 



100 



100 
100 

50 



40 
75 

100 
40 

100 

25 
25 

20 



150 



150 
150 

70 
150 

100 



125 



250 
125 
260 

60 
150 

76 
125 

160 

75 



40 



30 



30 



20 



20 



a Area greater than 500 square feet. 

b First Floors 200. 

Slopes less than 20 degrees. 

d Dead and live, except for one story steel frame buildings, corrugated iron roofs, 35 pounds. 

e High Buildings, built up districts, 35 pounds; 14 stories or over, 25 pounds at tenth story, 

2 H pounds less each story below. 
Figures for manufacturing establishments do not include machinery. 
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Redueed Lire Loads. Floor beams in buildings should be computed 
to sustain floor by floor the full live and dead loads. It is not 
probable that all the floors will be fully loaded 3,t all times, and, 
therefore, good practice permits a reduction of the theoretical live 
load in the computations of column sections. The New York and 
proposed Pittsburgh building laws permit no reduction on columns 
supporting the roof and top floor. These building laws permit for 
buildings more than five stories in height on columns supporting 
each succeeding floor a reduction of 5 per cent of the total live floor 
load until 50 per cent is reached, which reduced load is to be used 
for the columns supporting the remaining floors. Pittsburgh build- 
ing law, however, does not permit any reduction of live floor loads 
over 150 pounds per square foot (bulk storage). The Chicago 
building law requires columns to sustain the full live load on 
roofs, 85 per cent of the full live floor load on the top floor with a 
5 per cent reduction on each succeeding floor down to 50 per cent. 

When the character of the loading will permit, it is also considered 
good practice to reduce the live load on the main girders to which 
the primary supporting beams are framed. The amount of the 
reduction will depend on the probable distribution of the loads. 

Foundation Loads. Footings should be so designed that the loads 
they sustain per unit of area shall be as nearly uniform as possible, 
and the dead loads carried by the footings should include the actual 
weight of the superstructure and foundations down to the bottom 
of the footing. The live load should be assumed to be the same as 
the live load in the lowest tier of columns or in the footings under 
walls. According to the proposed New York building law, the 
area of the footing which has thp largest percentage of live load to 
total load shall be determined by dividing the total load by the 
unit working stress. From the area thus calculated all the other 
footings of the building shall be proportioned according to the 
ratios of their respective dead loads only. In no case shall the 
load per square foot under any portion of any footing due to the 
combined dead, live, and wind loads, exceed the safe sustaining 
power of the soil upon which the footing rests. 

Fireproof Floor Systems. A modern office or mercantile building 
is essentially a steel framed structure which supports the dead load 
of the building and its contents and is itself protected on all sides 
by refractory materials. The floors are made fireproof by the use 
of terra cotta tiles or arches or of a composite flooring made of 
concrete or reinforced concrete. While brick arches may still 
be used in special locations where great floor strength is needed, 
and concrete arches are sometimes thrown between the beams, 
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modern practice is limited substantially to the hollow tile arch 
sprung between the beams and the reinforced concrete slab laid 
on their tops, the ceiling construction being modified to suit. 
Each system has advantages of its own. 

Terra Cotta Arches. Hollow tile arches fill the total depth of the 
floor beams, and, therefore, tend to stiffen and brace the building; 
their weight per square foot is Ught as compared with other forms 
of fireproof floor construction of equal strength. Hollow terra 
cotta floor arches are made either flat or segmental. The segmental 
arch will develop much greater strength than the flat arch of the 
same width and depth, and may be designed to carry a given load 
with tile 'of less depth than flat arches. They are, therefore, 
more economical, though not always acceptable from the stand- 
point of architectural appearance. In office buildings the ceilings 
under such arches are usually suspended. A correctly designed 
and constructed flat arch will always develop the full strength of 
the steel beam which supports it. 

When arch blocks are the same depth as the beams, they are 
usually laid to project IJ^ inches below the bottom of the beams, 
and the space above the arch is filled in either with cinder concrete, 
in which can be laid pipes, conduits, and wooden nailing strips 
supporting wood flooring, or with thin terra cotta blocks made for 
this purpose, or with a layer of plastic composition of cement, 
which forms the wearing surface for the floor. 

Thrust of Floor Arches. All forms of terra cotta arches produce side 
thrust on the floor beams. In the flat arch the blocks have tapered 
faces and the central block or key wedges the others together; in 
the segmental arch the thrust is that due to all arch action. These 
thrusts it is found necessary to counterbalance by means of tie rods 
which connect the floor beams and relieve them from the tendency 
to deflect sidewise. In the central bays, owing to the action of 
adjacent arches, the tie rods are sometimes omitted, but it is 
necessary to investigate outer beams and channels around openings 
for additional thrust stresses so that the combined fiber stresses 
produced by vertical loading and horizontal thrusts may nqt be 
excessive. With flat arches % inch tie rods spaced apart not over 
fifteen times the width of the beam flanges will usually be sufficient. 
The total thrust of arch, the net area of tie rods required, the maxi- 
mum distance between tie rods and the section of outer beams for 
any condition, may be found as follows: 
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Let 

w =load on arch, in pounds per square foot. 

L =span of arch, in feet. 

I^b =length of floor beam supporting the arch, in feet. 

R =effective rise of arch, in inches. 

p =thrust of arch per lineal foot, in pounds. 

P =total thrust of arch per panel, in pounds. 

A =total net area of tie rods per panel, in square inches. 

a =net area of one tie rod, in square inches. 

Ls =spacing of tie rods, center to center, in feet. 

f =allowable combined fiber stress not to exceed 16,000 pounds 
per square inch. 

Si_i =Section Modulus of beam, axis 1-1, in inches^. 

S2-2 ==Section Modulus of beam, axis 2-2, in inches^. 

Mi.i=Bending Moment due to vertical loading, inch pounds- 

M2-2=Bending Moment due to arch thrust, inch pounds; then, 

3wL2 



A swL^Lb wL^Lb 

2fR 10667R 

2faR i0667aR 



p_ 3wL2Lb 
^ 2R~ 



^ 3wL2 wL2 

Ml 1 — (^'gwL Lb) Lbi2 3wL|S 



8 



M2-2=-^2l4L8i2__pj^ 

M2-2 



f 



12 

"-"SIT 



+ 



S2-2 



In the formula given for M2-2, the beam is considered continuous 
and supported at intervals by the tie rods. In segmental arches 
the effective rise is equal to the vertical distance between the 
highest point of the concave surface and the springing line or chord ; 
the effective rise of a flat arch may be taken at 2.4 inches less than 
the arch depth. 

The net areas 6f the usual size tie rods are as follows: — 



Diameter of Rod, Inches 



Net area, a, square inches . 



% 


Vx 


K 


0.202 


0.302 


0.420 



0.550 
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ExAMPLB. — ^A floor panel 18 feet by 6 feet, made of 12 inch flat terra cotta 
blocks, is to support a uniform load, live and dead, of 150 pounds per square 
foot. Required the total thrust, total area of rods per panel, maximum 
spacing of rods, and the proper size beam to carry[one-half of the panel without 
other lateral support than the tie rods. 

Entire panel load is 18x6x150=16,200 pounds. Assume a 12 inch 31.5 

pound beam and % inch tie rods, then we have — 

rw^^ ^ M ,- li 1 * X 3x150x6x6 „^^ 
Thrust of arch per lineal foot, p — 2(12 2 4) ^^ ^^ pounds. 

m ^ wi. ^ « V, » 3x150x6x6x18 , _ _,^ 

Total thrust of arch, P =~2(12^^^2Tr'^ * pounds. 

m 4. 1 * 4.1 -4 A 150x6x6x18 ^^ , , 

Total area of tie rods, A H^ aat/io o a\ — 0.95 square inches. 



Maximiun spacing of tie rods, Ls= 



10,667(12—2.4) " 
10667X .302x(12— 2.4) 



Bending Moment, vertical loading, Mi.i^ 



150x6x6 
6x18x150x18x12 



.73 feet. 



8x2 



=218,700 in. lbs. 



Bending Moment, horizontal thrust, Ma-2— ^^^^-^^^^'^^^^^=27,580 in. lbs. 

1^ 



Combined fiber stress, f=' 



218,700 , 27,580 



'^13,830 pounds per square inch. 



36 • 3.8 

If tie rods are spaced 6' 0" centers, then the 

Bending Moment, horizontal thrust, Ma-a^=840x6x6=30,240 inch pounds. 

218 700 30 240 
Combined fiber stress, f =: — 5^ 1 — o g — 14,030 pounds per square inch. 

When used, tie rods should be placed in the line of thrust if 
possible, usually 3 inches above the bottom of the beam. 

MAXIMUM SPACING OF % INCH TIE RODS, 
Loads op 100 Pounds per Square Foot 



Span, 


Effective Rise of Arch, R, in Inches 


























Feet 


4 


6 


6 


7 


8 


9 


10 


11 


12 


13 


14 


16 


3 


14.3 
























4 


8.1 


10.1 


12.1 


14.1 


















5 


5.2 


6.4 


7.7 


9.0 


10.3 


11.6 


12.9 


14.2 










6 


3.6 


4.5 


5.4 


6.3 


7.2 


8.1 


8.9 


9.8 


10.7 


11.6 


12.5 


13.4 


7 




3.3 


3.9 


4.6 


5.3 


5.9 


6.6 


7.2 


7.9 


8.5 


9.2 


9.9 


8 






3.0 


3.5 


4.0 


4.5 


5.0 


5.5 


6.0 


6.5 


7.0 


7.6 


9 










3.2 


3.6 


4.0 


4.4 


4.8 


5.2 


5.6 


6.0 


10 














3.2 


3.5 


3.9 


4.2 1 


4.5 


4.8 



For any other loading, multiply tabular values by 100 and divide 
by total new load per square foot. 

The tables which follow give the weights per square foot for terra 
cotta arches, both flat and segmental, of various depths, their area 
in square inches, and the safe loads they will sustain on various 
spans. These tables should be used as a general guide only, as 
conditions may make it possible to design more economical arches 
for a given load than indicated by the tables. Where a paneled 
ceiling is not objectionable, for example, a shallow arch may be used 
on raised skewbacks with a considerable economy in material. 
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FLAT TERRA COTTA ARCHES 

MANUrACTUBICBS' STANDARD 

Safe Loads in Pounds pbb Squabe Foot 
Factor of Safety = 7 





Depth of Arch, Inches 


Span 
of 


e 


7 


8 





10 


12 


16 


Arch, 
Ft.-In. 


• 




Area of Arch, Square Inches 








31 


34 


37 


40 


43 


49 


68 


3-0 


458 


688 


736 


901 


1084 


1487 


2210 


3-3 


386 


496 


622 


763 


916 


1262 


1877 


3-6 


330 


424 


631 


653 


786 


1083 


1612 


3-9 


284 


365 


459 


566 


679 


938 


1398 


4-0 


247 


318 


399 


493 


693 


820 


1223 


4-3 


216 


278 


350 


433 


621 


722 


1079 


4-6 


190 


245 


309 


382 


461 


640 


961 


4-9 


168 


217 


274 


340 


410 


571 


865 


5-0 


149 


193 


244 


304 


367 


511 


767 


5-3 




172 


218 


272 


330 


460 


691 


5-6 




154 


196 


245 


297 


416 


626 


5-9 




139 


176 


222 


269 


378 


669 


6-0 






159 


201 


244 


344 


618 


6-3 






144 


183 


222 


314 


474 


6-6 






131 


166 


203 


287 


435 


6-9 








162 


186 


264 


400 


7-0 








139 


170 


243 


369 


7-6 










144 


206 


315 


8-0 












177 


272 


8-6 












163 


236 


9-0 












132 


205 


9-6 














180 


10-0 














158 



This table and the two following are employed in computing the 
safe loads of floor arches of hollow terra cotta blocks. The area 
given is that of a cross section at right angles to the webs/ and, 
generally, end-construction blocks of various shapes but of the same 
depth and cross-sectional area have equal strength. 

The weight of the terra cotta arch has been deducted from the 
safe load given in the tables, so that only the dead load of the 
concrete fill, plastering, etc., must be deducted to obtain the net 
safe live load for any arch and span ; blocks of different areas and 
for other factors of safety are calculated as follows: 

Example. — Required the load per square foot for a 6'-6" span and 8 inch 
arch blocks with three horizontal and four vertical webs, % inch thick, set in end 
construction, cross-section through webs of blocks parallel to webs of beams. 

Sectional area of the blocks is 8"x5i"x4+(12"-4x^")xM"x3=44.25 sq. in. 
at 0.06 pounds per cu. in., the weight is 44.26x12x0.06=32 pounds. 

The net safe load of the 8 inch block given in the table is 196 pounds. 
Adding the weight of the block, 37x12x0.06=26 pounds, the total safe load is 
222 pounds. The net safe load for blocks with an area of 44.26 sq. in. and a 
safety factor of 5 is (44.25-^-37x222x7/6) — 32=340 pounds per sq. ft. 
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SEGMENTAL TERRA COTTA ARCHES 

MANUrACTUBEBS' BTAMDABD 

Safe Loads in Pounds peb Square Foot 
Factor of Safety=7 



Span 

of 
Arch, 
Pt.-In. 



4-0 



4-6 



6-0 



6-6 



6-0 



6-6 



7-0 



Rise 

of 
Arch, 

In. 



1 

1% 
2 

M 
1 

2 

1 

IM 
I 'A 

IH 
2 

H 
I 

IH 

1% 
2 

1 

IM 

IM 

2 

1 

iy2 

2 

H 
1 

IH 
IH 
1% 
2 



Depth of Arch, Inches 



6 



8 



10 



Area of Arch, Square Inches 



28 


36 


43 


702 


902 


1078 


920 


1184 


1414 


1155 


1486 


1774 


1353 


1740 


2079 


1546 


1986 


2373 


1736 


2233 


2667 


616 


792 


946 


812 


1044 


1247 


1020 


1313 


1568 


1196 


1539 


1838 


1381 


1776 


2121 


1536 


1976 


2359 


551 


709 


847 


744 


957 


1143 


911 


1172 


1400 


1072 


1379 


1647 


1238 


1592 


1902 


1379 


1773 


2118 


499 


641 


766 


672 


864 


1032 


826 


1062 


1269 


984 


1266 


1512 


1119 


1439 


1719 


1258 


1619 


1933 


466 


685 


699 


612 


788 


941 


753 


969 


1157 


898 


1154 


1379 


1022 


1315 


1570 


1148 


1476 


1763 


428 


551 


658 


562 


724 


864 


701 


902 


1077 


823 


1058 


1264 


947 


1218 


1455 


1055 


1358 


1622 


394 


608 


606 


520 


669 


799 


648 


834 


996 


762 


981 


1171 


876 


1127 


1346 


983 


1264 


1 1510 



47 



1178 
1546 
1939 
2272 
2593 
2916 

1034 
1363 
1713 
2009 
2318 
2678 

926 
1249 
1530 
1800 
2078 
2316 

837 
1128 
1387 
1652 
1879 
2113 

764 
1028 
1265 
1507 
1716 
1927 

719 
944 
1177 
1382 
1590 
1772 

662 
873 
1089 
1280 
1471 
1650 



Span 

of 

Arch, 

Ft.-In. 



7-6 



8-0 



8-6 



9-0 



9-6 



10-0 



10-6 



Rise 

of 

Arch, 

In. 



1 

IH 
IK 
2 

1 

IM 
1>4 
IM 
2 

H 
1 

IH 
IM 
2 

1 

IH 
IH 
IM 
2 

H 
1 

IH 
IH 
1% 
2 

H 
1 

IH 

IH 
1% 
2 

1 

IH 
IH 
IH 
2 



Depth of Arch, Inches 



6 



8 



10 



Area of Arch, Square Inches 



28 



366 
482 
602 
715 
816 
916 

341 
457 
562 
668 
767 
854 

319 

428 
527 
626 
719 
807 

300 
403 
501 
690 
677 
769 

283 
380 
472 
561 
639 
717 

267 
359 
447 
531 
610 
683 

251 
342 
426 
504 
581 
650 



36 


43 


471 


663 


621 


741 


774 


926 


920 


1099 


1049 


1253 


1176 


1406 


439 


626 


688 


703 


724 


864 


869 


1026 


987 


1179 


1099 


1312 


411 


491 


651 


658 


678 


810 


806 


963 


926 


1106 


1037 


1239 


386 


461 


518 


619 


645 


770 


758 


906 


871 


1041 


977 


1167 


364 


436 


489 


684 


608 


726 


721 


862 


823 


983 


923 


1102 


344 


411 


462 


652 


676 


688 


683 


816 


784 


937 


879 


1060 


330 


394 


442 


628 


547 


655 


646 


776 


749 


891 


837 


1000 



47 



616 
810 
1011 
1201 
1369 
1536 

673 

768 

944 

1122 

1288 

1434 

536 

719 

886 

1062 

1208 

1364 

504 
677 
842 
990 
1137 
1276 



476 ' 


638 


793 


942 


1074 


1204 


449 


603 


751 1 


892 


1024 


1147 


429 


677 1 



717 ' 

849 

974 
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-Concluded 


f% 


T** 


Depth of Areh, Inches 


Span 


Rise 


Depth of Arch, Inches 


Span 


Biae 


















of 
Arch, 
Ft.-TT». 


of 

Arch, 

In- 


4 


6 


8 


10 


of 
Arch, 
Ft -In 


of 

Arch, 

In. 


4 


6 


8 


10 


Area of Arch, Square Inches 


Area of Arch, Square Inches 


J.U* 


28 


36 


43 


47 


A W« a 111* 


* ji> 


28 


36 


43 


47 




H 


244 


315 


376 


411 




H 


161 


194 


232 


254 




1 


327 


421 


503 


550 




1 


205 


265 


316 


345 




IH 


404 


519 


621 


678 




IH 


266 


330 


394 


430 


11-0 


IH 


479 


617 


737 


805 


17-0 


l>i 


304 


392 


468 


512 




IH 


551 


709 


847 


925 




IM 


361 


462 


540 


590 




2 


617 


794 


948 


1036 




2 


393 


506 


605 


661 




H 


233 


299 


358 


391 




H 


141 


182 


218 


238 




1 


312 


401 


480 


524 




1 


192 


248 


296 


324 




IH 


388 


499 


596 


652 




IH 


240 


310 


370 


404 


11-6 


IH 


460 


592 


707 


773 


18-0 


IH 


287 


370 


442 


482 




IH 


528 


680 


812 


887 




IH 


330 


425 


507 


554 




2 


591 


761 


909 


993 




2 


371 


477 


570 


623 




% 


222 


285 


341 


372 




H 


134 


173 


206 


225 




1 


297 


383 


458 


500 




1 


181 


233 


279 


304 




IH 


370 


477 


569 


622 




IH 


227 


293 


360 


382 


12-0 


IH 


439 


566 


676 


738 


19-0 


IH 


271 


348 


416 


455 




IH 


606 


649 


776 


848 




IH 


312 


402 


480 


524 




2 


565 


727 


869 


949 




2 


351 


451 


539 


589 




H 


212 


273 


326 


366 




H 


126 


163 


194 


212 




1 


284 


366 


437 


478 




1 


172 


221 


265 


289 




IM 


354 


456 


545 


595 




IH 


215 


277 


331 


361 


12-6 


l>i 


420 


541 


646 


706 


20-0 


IH 


267 


330 


395 


431 




IH 


483 


621 


742 


811 




IH 


296 


381 


465 


497 




2 


541 


696 


832 


909 




2 


332 


427 


510 


558 




M 


203 


261 


312 


341 




Va 


119 


153 


183 


200 




1 


272 


361 


419 


458 




1 


163 


209 


260 


273 




IH 


339 


437 


522 


570 




IH 


205 


263 


315 


344 


13-0 


IH 


403 


519 


620 


677 


21-0 


1)4 


243 


314 


375 


409 




IH 


463 


596 


712 


778 




IH 


281 


361 


432 


472 




2 


521 


670 


801 


876 




2 


315 


406 


485 


530 




H 


186 


240 


287 


313 




H 


113 


145 


174 


190 




1 


263 


326 


390 


426 




1 


164 


199 


237 


269 




IH 


315 


406 


485 


630 




IH 


194 


260 


298 


326 


14-0 


IH 


374 


482 


575 


629 


22-0 


IH 


232 


299 


367 


399 




IM 


430 


563 


661 


• 722 




1% 


268 


344 


412 


460 




2 


481 


619 


740 


808 




2 


301 


377 


462 


505 




M 


174 


225 


268 


293 




H 


108 


139 


166 


181 




1 


234 


302 


361 


394 




1 


147 


190 


227 


247 




IM 


292 


377 


450 


491 




IH 


185 


238 


284 


310 


16-0 


1^ 


347 


447 


534 


683 


23-0 


IH 


221 


284 


340 


371 




IH 


401 


515 


616 


673 




IH 


255 


328 


392 


428 




2 


449 


577 


690 


754 




2 


286 


369 


440 


481 




i^ 


162 


209 


249 


272 




H 


102 


132 


167 


172 




1 


218 


281 


336 


367 




1 


140 


181 


216 


236 




IM 


274 


363 


421 


460 




IH 


177 


227 


272 


297 


16-0 


IH 


325 


419 


500 


546 


24-0 


IH 


211 


272 


325 


365 




IH 


374 


481 


675 


628 




IH 


244 


314 


376 


410 




2 


420 


640 


646 


706 




2 


274 


363 


421 


460 
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TERRA COTTA ARCHES 
FOK 

Floor Load of 150 Pounds per Square Foot 





m 


1 
II 


■¥ 


T 


V 




Appra.Wdglit.Lte 


petSq.Ft. 




^- 






a 










ffl 


iSS 




■Si 


1 


II 


J 


1 


i 


I 








11 


&H 


fl 


22 


30 






«7 










12 






a? 


3fi 


















































30 






71 










13 




H 


a4 


3H 






7fl 












6 


fi 






































d 




w 








6« 




27 


:i« 






SB 




io 








S 


?.7 














































7H 




•M 


M« 






Rfl 








12 






7H 


« 


SB 


M 






11X1 






10 


10 


























































■:ts 


30 






S4 










































la 










»3 



Forl>t«Ehacmr^»d 


•kewi,w 


here the top of thB 


archie lei 




(he 


oorbeun. 






rcacebel 


ween the 


height of the floor beua uid the uch. 




Ril « 


D^ 


Arch, 


"r 




Appro., Weight, Lbs, per Sg.f^. 






















Be.!.. 


a 


te 


1 


II 


1 


1 


1 


1, 






4 


% 


4M 




W 


97 










V 






















^ 






IH 


5H 












nn 








Ihi 


6 




211 


;«i 






07 


^ 










5 


8 


KH 


?,7 
















an 
















■gi 






iJi 














73 








l^i 


6« 




2« 


30 




,1 


74 










6H 


^ 


















i-H 


6H 


111 




211 






71 














10 


31 












1 


































34 


2S 
















IH 




11 


34 


■,(11 
















IH 


7H 















Thiek- 


Approi. Wt^hl. Pounde perSq. Fool 


Thick- 

1=. 


Appro., Weight, Poimda per Sq. F^t 


iS- 


Paitition 


Ceiling 


R«,fin« 


Furring 


Pwlitioa 


Cfflling 


Ro-flng 


Furring 


l>i 

3 


15-17 


20 


20 





I 


24-26 




22 





FLOOR CONSTRUCTION 



REINFORCED CONCRETE BEAMS AND FLOOR SLABS 

To give a complete mathematical analysis of the stresses which 
occur in reinforced concrete structures is not within the scope of 
this book. For such an analysis reference may be made to standard 
text books on the theory and practice of reinforced concrete. 

Gird«ra and Floor Beams. The arrangement of girders and floor 
beams follows the same principles as in structural steel construction. 
On short spans floor cross beams may be omitted or used only at 
columns to secure lateral stiffness. Beams are usually designed as 
tee beams, and thereby a part of the floor slab is utilized as a part 
of the beam. The width of the slab thus considered to act as part 
of the beam should not exceed five times the slab thickness. 

Floor Slabs. Reinforcement may be of small rods, wires or metal 
fabric, the latter especially on short spans. Cross reinforcement of 
small rods or wires about two feet apart laid parallel to the beam 
supporting the slab should be used to prevent cracks, shrinkage, 
etc. If the length of the slab exceeds IJ^ times its width, the 
entire load should be carried by transverse reinforcement. The 
distribution of the load on a rectangular slab supported on four 
sides and reinforced in both directions may be approximately 
determined by the formula R=l* ■+■ (l*+b*), where R is the ratio of 
the load, 1 the length and b the width of the slab. An effective 
bond should be provided at the junction of beam and slab, and if 
the principal reinforcement of the slab is parallel to the beam, 
transverse reinforcement should be used extending over the beam 
and well into the slab. 

Spadnff of Reinforcing Bars. The lateral spacing of parallel bars 
should not be less than 2}4 diameters, nor should the clear vertical 
space between layers of bans be less than J^ inch. The distance 
from the edge or side of the beam or slab should not be less than 
two diameters. 

Shear or Web Reinforcement. In the calculation of web reinforcement, 
concrete may be assumed to carry % to Y^ oi the total shear; the 
remainder to be taken by additional reinforcement arranged in 
intervals equal to the depth of the beam. The usual method of 
reinforcing beams against failure by diagonal tension or shear is 
to use bent rods or stirrups in either vertical or inclined position. 
The longitudinal spacing of such rods or stirrups should not exceed 
Ji of the depth of the beam. 

Formnlas. The following formulas are those approved by the 
Committee of the American Society of Civil Engineers on Concrete and 
Reinfor ced Concrete (Proceedings, VoL XXXIX— No. 2, February, 1913.) 
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Reinfobced Concrete Beams — Notation 

Bectanffular Beams, Reinforcement for Tension only. 

fs =Tensile unit stress in steel, in pounds per sq. inch. 

fc =Compressive unit stress in concrete, in pounds per sq. inch. 

Es =Modulus of elasticity of steel, in pounds per sq. inch. 

Ec =Modulus of elasticity of concrete, in pounds per sq. inch. 

n =Elasticity ratio, Eg-^Ec. 

M =Bending moment, in inch pounds. 

Ms=Moment of resistance of steel, in inch pounds. 

Mc=Moment of resistance of concrete, in inch pounds. 

A ==Area of steel section, in square inches. 

b =Width of beam, in inches. 

d =Depth of beam to center of steel reinforcement, in inches. 

k =Ratio of depth of neutral axis to effective depth, d. 

j ==Ratio of lever arm of resisting couple to depth, d. 

z ?=Distance, top to resultant of compression, in inches. 

jd =Arm of resisting couple, in inches=d — z. 

p ==Ratio of steel area to area of rectangle, bd,=A-i-bd. 

kd ==Distance from top of beam to neutral axis, in inches. 

Tee Beams. 

b =Width of flange, in inches. 

b'' ==Width of stem, in inches. 

t =Thickness of flange, in inches. 

p =Ratio of steel area to area of rectangle, bd,=A-*-bd. 

Rectangular Beams, Reinforced for Compression. 

A^ =Area of compressive steel, in square inches. 
p^ =Steel ratio for compressive steel. 

fg =Unit compressive stress in steel, in pounds per sq. inch. 
C =Total compressive stress in concrete, in pounds per sq. inch. 
C^ =Total compressive stress in steel, in pounds per sq. inch, 
d'' =Depth to center of compressive steel, in inches, 
z =Depth to resultant of C+C'', in inches. 

Shear and Bond. 

V ==Total shear, in pounds. 

fy =Unit shearing stress in concrete, in pounds per sq. inch. 

fu ==Unit bonding stress in concrete, in pounds per sq. inch. 
Sq =Sum of the perimeters of the tension bars. 
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REINFORCED CONCRETE BEAMS— FORMULAS 

RecTtanffnlar Beams, Reinforced for Tension only. 

kd =d(^/2pn+(pn)a -pn) 
z =ikd 



"f 
I 
I 
I 



d 

I 
I 







Mg=fgAjd = 
Mc= Kckjbda 
M 



U = 



Ajd == 



'sPibd* 



M 
pjbda 



Steel ratio, balanced reinforcement, p = 



f — 2M 
c — jkbda 



_ 2pfj 



Tee Beams. 

rt- b 



* [k* '] 



(*■- fc--»i 



h 



,-JL 



U-b^ 



Ms=fgAJd 




'^-f-/n-J 



2ndA + bt» 



z 2nA + 2bt 



Neutral axis in flange — 
use formulas for rectangular beams. 
=H- --^ Neutral axis in stem — 



I 
id 



t(3kd— 2t) 
* = 3(2k<i-t) 



Mc= 



fcbt (kd-it)Jd 



f _ M 



_ fcn(l-k) 
"" E 



kd 



f == Mkd 

^ bt(kd-it)jd 



Reetanffalar Beams, Reinforced for Compression. 



-d- 




kd =<i[V2n(p+p'j)+na(p+p')a-n(p+po] 
_ik8d+2p'nd'(k~^) 

k2+2p'n(k— ^') 

f - M _ nfc(l~k) 
« pjbda — E 

_ nfe(k^ ) 

Is £ 



'c = 



6M 



M.[3k-i.+«^(k4)a-^)] 



Shear and Bond. 

Rectangular Beams 

T Beams 



'v = -X. 

bjd 



'v = 



b'jd 



'u= 
f« = 



V 



^u 



JdSo 
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The formulas are based upon the following assumptions: 

1. The applied forces are perpendicular to the neutral plane. 

2. The deformation of any fiber is proportional to its distance 
from the neutral axis. 

3. The resisting moment of the beam is the sum of the moments 
above the neutral axis, due to the concrete area in compression, 
and of those below the neutral axis, due to the steel area in tension. 

4. The tensile strength of the concrete is neghgible. 

Bendinff Momento. If slabs and girders are reinforced over supports 
to take care of negative bending moments, they act as continuous 
beams, and the bending moment at the center of the span will be 
reduced. It is considered good practice to use the following values : 

Floor slabs, M at center and at supports=i*j wl^. 

Beams, M at center and at supports^xV wl^ for interior 

spans, and xV wl^ for end spans. 

If beams are freely supported at ends, M=J wl^. 

Columns. Columns may be reinforced by means of longitudinal 
bars, by bands or hoops, or by both. The general effect of the 
banding or hooping is to permit the use of somewhat higher working 
stresses; the value p, given in the formula which follows, refers to 
longitudinal steel reinforcement only: 

P =total load on columns, in pounds. 

Ac=area of concrete, in square inches. 

As =area of steel, in square inches. 

fk =unit compressive stress in steel, in pounds per sq. inch: 

P =fc (Ac+nAs) fk=nfc. 

Working Stresoes. The following working stresses are in current use 
for reinforcing bars of medium structural steel and good Portland 
cement and gravel concrete of a 1:2:4 or 1:2J^:5 mixture: 

fc=unit compressive stress of concrete 650 lbs. per sq. in. 

fv=unit shearing stress of concrete, 

straight reinforcement 30 to 40 

special shear reinforcement 60 to 100 

fu=unit bond stress of concrete, 

smooth rods 60 to 80 

deformed bars 100 to 175 

fs =unit tensile stress of steel 16,000 

fk=unit compressive stress of steel. . 10,000 

n ==E8-»-Ec=15. I 

For approximate calculations, the arm of the resisting couple, jd, i 
may be taken at Jd, and ordinarily accepted working stresses , 
will not be exceeded if the steel ratio, p, does not exceed 0.01. 1 
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Ezplmnation of TrUm. Reinforced Concrete Slabs: The tables 
given on page 298 are based upon the preceding formulas for rect- 
angular beamS) and upon fiber stresses of 650 pounds per square 
inch for concrete, 20,000 pounds for steel wire reinforcement, and 
16,000 pounds for steel bar or rod reinforcement. 

The bending moments are given in foot pounds per foot of width; 
below and to the left of the zigzag lines the values are determined 
by the maximum allowable fiber stress on steel; above and to the 
right they are determined by the maximum allowable stresses in 
concrete. 

The first column gives the total thickness of the slab, the sec- 
ond, the distance from the center of the steel to the bottom of the 
slab, and the third the approximate weight of concrete slabs one 
foot square. 

BxAMPLE. — Required the reinforcement for a slab continuous at four sides 
and 5 Inches thick to carry a superimposed load of 150 pounds per square foot 
over a clear span of 8 feet. 

Asstmiing the weight of the concrete slab in pounds at twelve times the 
thickness of the slab in inches, then the weight of the slab per foot is 12x5=60 
pounds, and the total weight, W, for a span of 8 feet is (60+150)z8=1680 
pounds. 

M=WL -*- 12=1680x8 -*- 12=1120 foot-pounds. 

If triangle mesh is used, the steel area required by upper table, page 298, 
computed for a 5 inch slab, is, by interpolation, 0.185 square inches, equivalent 
by table, page 299, to triangle mesh style number 41. 

If medium structural steel bars or rods are used, the required area, by 
the lower table, page 298, is 0.24 square inches, and the sizes may be taken 
from page 92. 
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CARNBQIE STEEL COMPANY 

REINFORCED CONCRETE SLABS 
Bending Moments in Foot Pounds per Foot op Width 

iO Pounds per Sq. Inc 



Allowable Fiber StreHs: 


Steel 


16,000 and Concrete, 650 Pounds pec 


Sq-Inch 




Ea * Ec=15 


SlaboflSq.Ft. 




h 


II 


if 




























i' 


^£ 


.11) 


.i\> 


JU 




M 


.w 


.70 








1.10 


l.a 


IM 


2H 


H 


M 


209 


mfi 
























a>4 


H 


48 


m 


7T5 


S 


124S 




















*M 


H 


(10 


m 


Ml 


HU 


1^ 


18M 


















6H 


[ 


n 


55tl 




\m 




ajflo 


mi 
















Bll 


[ 


78 


^ 


llflfl 


1975 


ma 




Si 


4173 














JH 


1^ 


SB 


7»3 


1131 


M« 


aaiK 


3Br7 


b 




SS08 


MM 


SflTl 


















p.m 


S4«7 


V'M 




M34 


BUS',! 


flaiB 


Mil 
















wu 














«?■ 


WW 
















11177 


































■im 


4i«IB 


urn 


flIOJ 


WI74 






KMIl 


























Tim 


Nia 


mi 


K<i; 


wr;i 










I3H 












tIftWI 


TflM 


HDU 




WW: 




iOMl 














sn«fl 


mfi 


r,m 


AMO 


fflffi 


flIU 








U 


















(t;f';tt 


IKWX 
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FLOOR CONSTRUCTION 



TRUNGLE MESH CONCRETE REINFORCEMENT 




Triangle Meeb la a wove 








Made with both single ar 


d stranded tension membos in len«ths up to 


300 feet and in widths up to 5 


Inches. 


TRIANGLE MESH 


—STYLES. AREAS. AND WEIGHTS 


Style 


LoDgiluduul Wiia 


Cn» Wins 


ToUlAiu 


■fe. 


»».» 


A.S.AW. 
Co. pe 


X.. 


'■%;•■ 


per Foot, 




EKh 


3»i(gNo. ^ 


q.In. 


□uigsNo 


%.In. 


SrS: 


• 4 




6 


087 


14 


.025 


.102 


43 


5 






062 


14 








077 


34 


« 




















• 7 
















041 








H" 


147 


12"^ 




038 




170 


73 


24 








12 M 




038 




142 


62 


26 








12M 




















13M 








110 










082 


12M 




038 




085 


41 






10 


043 


12M 




038 




066 


34 


29 








12 M 




















12 K 


















202 


12 H 




038 




225 


92 






6 


171 


12 M 




038 




196 




34 




s 




12H 












35 






088 
053 


12 M 

12 H 




J38 




076 


37 








368 


12 H 








380 


151 


30 




5 




12 H 












40 








12 H 


















185 


12 M 




J38 






87 






10 


120 


12 H 








15t 




43 




12 


078 


12 Si 




038 






47 


Roll*-L«itli.: ISO, 200 »Bd 300 


Mt. wath.:l8,22.2B,30,34,38,12,46,SD,H,imd58iMh«. 


TriMgle M«h i< turnialial dl 

mXarisL wJJ be sbipped not islviDii 

Slyla naAed- ue uiuSly urr 









CARNEGIE STEEL COMPANY 



BUCKLE PLATES 



rsinzi 






Buckle Plates, as generally used on highway bridges with paved 
floorS) are subjected to a uniform dead load due to the weight of the 
roadway paving and in addition a concentrated live load due to the 
weight of a wagon or truck wheel. 

Buckle Plates should be placed with the buckle turned down; then 
the live load which can be placed on a buckle in addition to the 
uniform dead load can be obtained from the formula given below, 
using the following notation. 

W==TotaI allowable concentrated load on buckle plate, in pounds. 

w =Uniform load, in pounds per square foot. 

d =Rise of buckle, in inches. 

1 =Length of buckle, in inches. 

b =Width of buckle, in inches. 

t =Thickness of buckle plate, in inches. 



Then 



W=t (^ ^^^ "~ ^'^^^ ^^^ 



) 



6 d + 15 1 

The following table gives for a fiber stress of 9000 pounds the 
maximum concentrated live load in pounds allowed on buckles (turned 
down), in addition to a uniform load of 120 pounds per square foot. 



Thickness of 
BuRkle Plate, 

. Inches 


Rise, d, in Inches 


2 


2H 


3 


3H 




20000 
30000 
41000 
53000 


22000 
33000 
45000 
58000 


22000 
34000 
47000 
61000 


22500 
34000 
47500 
63000 



The allowable uniformly distributed load per buckle may be 
obtained from the formula, 
w==12fdt. 
When the buckles are turned up, use one-third of above values. 
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FLOOR PLATBS 



BUCKLE PLATES 



"^^r^^f 



Widths of FlingH ud Filleti 



; Sid«l, iideb, Id. 



' " 3 ll 
9M1I 

10-2 



^1 

ll 
• P 



Jil 



1JI 



11 

I 



I 4-10^1 



.1 
IS 

11 



8- lii a 

Plata ircinnl W". A". J^" "r 
FUles o[ gmUr length thsD ^ica 
All plsta Bre made nith buckles up. anleag otherwi 
I dnJD hole should be punched Id the center of each ha 
Buckla dI djRcceut sua gboiild not be used u it ii 
CoQiiectdon holefl an generally For H"^^"orJ^' 

.endofi^staaiidJiievcDK". Mil 
UH niuniKc must be thomi on drawiufi. 
ahtlishararBuckkPUta should indicate allowal: 
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CARNEQIE STEEL COMPANY 



TROUGH PLATES 








[« a- — -^w a-— 



I 



•a ->K a- 



-J 




Elements op Trough Plates 



Single Section 


Riveted Section 


Section 
Index 


Siie, 
Inches 


Weight 

per Foot, 

Poundfl 


a. 
Inches 


d. 

Inches 


Weight per 

Square Foot, 

Pounds 


Section 

Modulus. 

OneFoot Width, 

TnnhfflS 


M14 
M13 
M 12 
Mil 
M 10 


9Hx3M 
9HXSH 
9Hx3H 

9HxSH 


23.2 
21.4 
19.7 
18.0 
16.3 


8 
8 
8 
8 
8 


6H 

en 

6H 

6 


34.8 
32.1 
29.6 
27.0 
24.5 


15.58 
14.28 
13.00 
11.79 
10.69 



Allowable Uniform Load in Pounds per Square Foot 



Span 

1 Yl 


Fiber Stress, 16000 Lbs. per Sq. In. 


Fiber Stress, 12000 Lbs. per Sq. In. 


Feet 


M14 


M13 


M12 


Mil 


MIO 


M14 


M13 


M12 


Mil 


MIO 


5 


7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 


6647 

4616 
3392 
2597 
2052 
1662 

1373 

1154 

983 

848 

739 

649 
575 
513 
460 
415 


6093 

4231 
3109 
2380 
1880 
1523 

1259 

1058 

901 

777 
677 

595 
527 
470 
422 
381 


5547 

3852 
2830 
2167 
1712 
1387 

1146 
963 
821 
707 
616 

542 
480 
428 
384 
347 


5030 

3493 

2567 
1965 
1553 
1258 

1039 
873 
744 
642 
559 

491 
435 
388 
349 
314 


4561 

3167 
2327 
1782 
1408 
1140 

942 
792 
675 
582 
507 

445 
395 
352 
316 
285 


4986 

3462 
2543 
1948 
1539 
1246 

1030 
866 
738 
636 
554 

487 
431 
385 
345 
312 


4570 

3173 
2331 
1785 
1410 
1142 

944 
793 
676 
583 
509 

446 
395 
353 
316 
286 


4160 

2889 
2124 
1625 
1284 
1040 

860 
722 
615 
531 
462 

406 
360 
321 
288 
260 


3773 

2620 
1925 
1474 
1164 
943 

780 
655 
558 
481 
419 

368 
328 
291 
261 
236 


3421 

2376 
1745 
1336 
1058 
855 

707 
594 
506 
436 
381 

334 
296 
264 
237 
214 



The values given in above tables are the safe loads per square foot of floor 
surface and are oased upon the average resistance of the riveted portion within 
distance a. 

The weight of the plates are included in the safe loads and must be deducted 
to obtain the net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be obtained 
from the values given by direct proportion of the fiber stresses. 

The weight per square foot does not include the weight of rivet heads or 
other details. 
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FLOOR PLATES 



CORRUGATED PLATES 




A 



^ 




V 



' 1 • 




"vD l di" 




^ 




U a- -4*- ® *^ a -»J 

Elements op Corrugated Plates 



Single Section 


Riveted Section 


Section 
Index 


Size, 
Inches 


Weight per 

Foot, 

Founds 


a, 
Inches 


Inches 


Weightper 

Square Foot, 

Founds 


Section 

ModiUus, 

One Foot 

Width, 

Inches^ 


M 35 
M 34 
M 33 
M32 
M 31 
M 30 


12i»« X 2H 
12A X 2U 
12ft X 2H 

SH X 1ft 


23.7 
20.8 
17.8 
12.0 
10.1 
8.1 


12ft 
12ft 
12ft 

SH 
8M 


2Ji 
2M 
2H 
IH 
1ft 
IH 


23.3 
20.4 
17.5 
16.5 
13.8 
11.5 


4.39 
3.84 
3.28 
1.95 
1.55 
1.10 



Allowable Uniform Load in Pounds per Square Foot 



Span 

• 


Fiber Stress, 16000 lbs. per sq. in. 


Fiber Stress. 12000 Ihs. ] 


per sq. 


in. 


in 

Feet 


M35 


M34 


M33 


M32 


M31 


M30 


M35 


M34 


M33 


M32 


M31 


M30 


5 


1873 


1638 


1400 


832 


661 


469 


1405 


1229 


1050 


624 


496 


352 


6 


1301 


1138 


972 


578 


459 


326 


976 


853 


729 


433 


344 


244 


7 


956 


836 


714 


425 


337 


240 


717 


627 


536 


318 


253 


180 


8 


732 


640 


547 


325 


258 


183 


549 


480 


410 


244 


194 


138 


9 


678 


506 


432 


257 


204 


145 


434 


379 


324 


193 


153 


109 


10 


468 


410 


350 


208 


165 


117 


351 


307 


262 


156 


124 


88 


11 


387 


339 


289 


172 


137 


97 


290 


255 


217 


129 


103 


73 


12 


325 


284 


243 


144 


115 


82 


244 


213 


182 


108 


86 


61 


13 


277 


242 


207 


123 


98 


69 


208 


182 


155 


92 


73 


52 


14 


239 


209 


179 


106 


84 


60 


179 


157 


134 


80 


63 


45 


15 


208 


182 


156 


92 


74 


52 


156 


137 


117 


69 


51 


39 



The values given in above tables are the safe loads per square foot of 
floor surface and are based upon the average resistance of the riveted portion 
within distance a 

The weight of the plates are included in the safe loads and must be 
deducted to obtain the net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be 
obtained from the values given by direct proportion of the fiber stresses. 

The weight per square foot does not include the weight of splice bars, 
rivet heads or other details. 
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CHECKERED PLATES 



Elements or Cbbcebred Plates 





Width.. 


ThiokDBe, 


=S^ 


'"£- 


iHla 


LubB ' 


-„.■ 


M64 


la 


60 




21.4 


0.500 


MS3 


12 


60 


,% 






M53 




eo 


H 






M51 


12 


60 




13.8 


0.1BS 


M50 


12 


60 






0.126 


M49 


12 


48 


A 


8.7 


0.070 



Allowable Unifobu Load in Podnds per Square Foot 




Sp«. 


Hba StKtt, IBOOOPouDda pa Squ>«lDch 


FibaSmn. 12000 Pomxla mi 64>ia»tiicb 


F»t 


MM 


MM 


MS. 


M51 


MSB 


H« 


MH 


UK 


MM 


MM 


MM 


M4» 


1 


fi333 


40S3 


30nn 


2083 


1333 


740 


4000 


3004 


224S 


IfiOO 


1000 


MO 


2 


1333 


1021 


7fin 


.WO 


nxt 




1000 


7fl« 


nnv. 


3P0 


lino 


140 


3 


























4 
















IHI 


141 


H7 


Hit 




5 


213 


IKi 


lai 


Ki 


M 




HHI 


12^ 


00 


62 






8 


148 


"l 


61 


68 






"2 


63 


62 








8 
9 


83 
66 


84 










62 













The values given In &bove table are the safe loads per square toot of 
plates aiipporf«d on two sides only and are bused upon Che reslst&nce of 
reccanaular sections. 12 inches by tne net section, t. 

Tne weight o{ tbe plat«a are included in the sate loads and miuC be 
' ' ■ obtain the net superimpoeed safe load. 



ROOF CONSTRUCTION 



ROOFS AND ROOF LOADS 

The design of roofs and the selection of suitable roofing materials 
depend on the character of the building, whether monumental, 
pubUc, residence, mill or shop; permanent or temporary; geo- 
graphical location as regards allowance for snow and wind loads, 
and also availability of materials and familiarity of workmen 
with the construction; atmospheric conditions as concerns presence 
of industrial or other plants producing deleterious gases; water- 
tightness or resistance of the roof layers to penetration of water, 
snow or ice under storm and long continued exposure; wind 
resistance or the strength of materials to resist displacement of 
the entire surface or disruption between points of support; type 
and pitch of roof, whether self-supporting on wide spans or 
requiring the use of sheathing, and whether materials can be laid 
safely on steep surfaces. 

A good roof on a permanent structure should be fireproof from 
within as well as without, made of refractory materials supported 
by equally refractory framing. It should last without repair as 
long as the building stands without repair. Its maintenance cost 
should be low and its materials purchased on the probable life and 
service of the structure. 

Snow Loads. The snow loads on roofs vary with the geographical 
location, the altitude and humidity of the place, and with the slope 
of the roof. Where snow is likely to occur, the minimum load per 
horizontal square foot of roof should be taken at 25 pounds for all 
slopes up to 20 degrees; this load to be reduced one pound for each 
degree of increase in slope up to 45 degrees, above which no snow 
load need be considered. In severe climates these loads should be 
increased in accordance with actual conditions. Regard should 
also be taken to the possibility of partial snow load with local 
concentration. 

Wind Loads. These vary also with the geographical location and 
the slope of the roof, and, when not fixed by building laws, are 
usually taken as acting horizontally at 40 pounds per square foot 
on vertical surfaces of the most exposed structures, and 30 pounds 
on less exposed structures. On inclined surfaces only the normal 
components of the wind pressure need be considered. The following 
normal pressures are based on the formula given by Button: 
Pn = P (sin a) 1-84 cos a — i, ^hgre P is the direct horizontal 

pressure assumed at 30 pounds per square foot on the vertical 
surface and Pn the normal pressure on a unit of surface, sloping 
at angle a with the horizontal. 
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Normal Wind Pressure, in Pounds per 


Square Foot 


Slope 


Pressure, Fn, 

per 

Square Foot, 

Pounds 


Slope 


Pressure, Pn, 

per 

Square Foot, 

Pouzuls 


Slope 


Pteasure, Pn, 

per 

Square Foot, 

Pounds 


Slope 


Pressure, Pn, 

per 

Square Foot, 

Pounds 


6 
10 
15 


3.9 

7.2 

10.7 


20 
25 
30 


13.8 
17.0 
19.9 


35 
40 
45 


22.6 
26.0 
27.0 


50 
56 
60 


28.6 
29.6 
30.0 



For other pressures than 30 pounds per square foot, the values 
given above change in proportion. For slopes over 60^ the values 
given for 6(P are applied. 

Combined Roof Loads. In climates corresponding to that of 
Pittsburgh, and where the roof loads are not fixed by building 
laws, ordinary roofs up to 80 feet span should carry the following 
minimum loads per square foot of exposed surface, applied verti- 
call}'^, to provide for dead, wind and snow loads combined. 



Roof Covering 



Gravel or f on boards, flat slope, 1 to 6 or less 

Composition-Ion boards, steep slope, more than 1 to 6 
Roofing [on 3 inch flat tile or cinder concrete . . . . 

Corrugated sheeting on boards or purlins 

Slate i^^ boards or purlins 

Ion 3 inch flat tile or cinder concrete . . . . 

Tile on steel purlins 

Glass 



'Roof Load 

per 
Square Foot, 
Pounds 



50 
45 
60 
40 
50 
65 
55 
45 



For roofs in climates where no snow is likely to occur, reduce | 
these loads by 10 pounds per square foot, but no roof or any part 
thereof should be designed for a total live and dead load less than 
40 pounds per square foot. 

Roof Coverincr. As stated above, suitable protection of a building 
against rain, snow, etc., depends on the character and location 
of the building, and the slope or pitch of the roof. Tin, tar, gravel, 
asphalt roofings and similar compositions are used for flat roofs; 
slate, tiles, and tin are used for slant roofs of public buildings and 
residences, shingles for smaller dwelling houses, and corrugated 
sheeting for shops and warehouses. Slate, tile, tin, and shingles 
are usually attached to a layer of planking, called sheathing, 
which in turn is supported by rafters, often called jack rafters, 
resting upon the roof purlins, or placed directly upon the purlins 
of the roof. 
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Approximate Weight op Roofing Material 



Roofing Material 



Copper, No. 22 B. W. G 

Corrugated galvanized iron. No. 20 B. W. G. 
Corrugated galvanized iron. No. 26 B. W. G. 

Felt, 2 layers 

Felt and asphalt or coal-tar 

Gass, H inch thick 

I^ath and plaster ceiling 

Lead, H inch thick 

Mackite, 1 inch thick, with plaster 

Sheathing, hemlock, 1 inch thick 

Sheathing, white pine, spruce, 1 inch thick . . 

Sheathing, yellow pine, 1 inch thick , 

Shingles, 6x18 inches, 6 inches to weather . . . 
Skylight, glass ^^ to M inch, including frame 

Slag rooi, 4-ply, with cement and sand 

Slate, ^ inch thick, 3 inch double lap 

Slate, A inch thick, 3 inch double lap 

Temeplate, IC 

Temeplate, IX 



Tiles (plain), lO}4x6H^H inches, 5}4 inches to weather . 
Tiles (Spanish), 143^x103^ inches, 7M inches to weather. 
Zinc, No. 20 B. W. G 



Weight 

per 
Sq. Foot, 
Pounds 



Roof TruMes. Trusses are used where wide roof openings are to be 
spanned; they form a structure of compression and tension members 
and produce vertical reactions under vertical loads; the total load 
of the roof, that is, the weight of the truss, purlins, roof covering, 
ceiling, and often also the snow and wind load, is usually considered 
a uniformly distributed load, equally divided between the two 
supports and producing equal and vertical end reactions. 

The purlins usually rest on the upper chord of the truss, trans- 
mitting to the latter the load of the roof covering, the wind and 
snow load, that of the jack rafters and their own, and are often so 
arranged as to carry the dead load directly to the truss joints or 
panel points to avoid transverse stresses. The distance between 
two consecutive joints of the top chord is the panel length, the dis- 
tance between two adjacent trusses the bay length. 

The transverse strength of the sheathing or of the corrugated 
iron used for the roof covering generally determines the spaces 
between the jack rafters or the purlins. These purlins or rafters 
are small steel shapes, such as beams, channels and angles, or 
wooden beams, if the roof is not of fireproof construction. 

Weiffht of Trusses. As a basis for the preliminary design of a steel 
truss for a given span, I., and a roof load of about 40 pounds per 
square foot, the approximate weight is: 

Ys (-/L + % L) pounds per horizontal square foot. 

For greater loads multiply formula by ratio: load per sq. ft. -i- 40. 
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TRUSSES — Formula for Stresses and Lengths 




n = L/H = 2 cot a 







8W 



SIMPLE FINK TRUSS 



M«mb«r 



Stress 



Am 

Bb 

U 
Le 

ab 
bo 



— %n xW 

— Hn xW 

— Ho xW 



Length 



ULieea 

HLseea 

KLsee*a 
L (1— H Mc'a) 

H Lsoeatana. 

HLsee'a 



SIMPLE FAN TRUSS 



Member 



Am 

Bb 

Cc 

U 
U 

mb.be 
•d 



Stress 



}?^(Hto«+6)xW 

fn^(^»+I> xW 

— <to xW 

— to ■ xW 
. n\n«+40n'-hl44 

+ — ssin^j — 

— HO- xW 



IxW 



Length 



HLa«ca 
^Lseca 

HLaeca 

%Lsec*a 
L(l— m<c«a) 



•"•>S 



A -fiec'ataa 



«a! 



HLaec* a 




n=L/H=2cota 
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COMPOUND FINK STRUSS 



Member 



Stress 



A* 
Bb 

Ce 

Df 

U 
Lo 
l4 

•b, ef 

cd 

bc.de 
df 



+ %V?+H xW 

+"^;fe(%Q»+i) xw 

xW 
xW 
xW 



— %n 

— %n 

— n 

— Hn 

— V4d 



+- 



xW 

xW 

xW 
xW 
xW 



Length 



H LMca 
H Lteca 

H Lteea 

HLMCa 

H Ltee'a 
HLMC*a 
L(l— HMc'a) 

K Laecatana 

H L Mcatana 

HLMC*a 
HLacc*a 
H Lwe*a 



COMPOUND FAN TRUSS 



Member 



Am 

Bb 

Ce 

Df 

Eg 

Fb 

U 
Ld 
U 

•b,be. 



;.gb/ 
de 



cd^ef 
ei 
U 



Stress 



+*>3P+4<''^'+")*^k L Mca 
+"^|i74<****"'+*J xW H* L Mca 
■♦"^jiTJCHn'+T) xW H* L aeea 

I 

^('Ko'-t-S) xW H* L wca 
774(*Mtn*-f3)xW Ht L eeca 



— »to xVf 

— %n xW 

— *ii xW 

+ — "iSnir* 



xW 

xW 
xW 
xW 



+4 



— Wn 

— Hn 

— Hn 



Length 



HtLaeca 

*iLwc*a 
HLaee'a 
Ml- H HceU) 



%L 



>s 



■fsec*aUa*« 



^Lweatwia 

KLMc*a 
HLsec*« 
HLmc*« 



Coefficients for Calculating Lengths of Truss Members 



Values of n 


3 


Values of a 


33°41'24" 


sec a 
sec^ a 
sec a tan a 


1.2018 
1.4444 
0.8012 


|/s^2a ^sec2 a tan^o 


0.8958 



2^ 



30°15'23" 



1.1577 
1.3403 
0.6753 

0.7778 



2cot302. 
30° 



1.1547 
1.3333 
0.6667 

0.7698 



26°33'54''22°37'12"21°48' 5" 



1.1180 
1.2500 
0.5590 

0.6718 



2^5 



1.0833 
1.1736 
0.4514 

0.5781 



1.0770 
1.1600 
0.4308 

0.5608 



6 



18°26' 6" 



1.0541 
1.1111 
0.3514 

0.4969 
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TRUSSES — Coefficients of Stresses 
W w 



2W 






n = L/H = 2 cot a 







8W 



A if. l.__ 


n — Span -^ Height — 2 cot a 


Member 


n — Span -f- Height 2 cot a 


oAmoxxx 


3 


24/7 


2 cot 
30° 


4 


24/5 


5 


6 


3 
4.51 


24/7 


2 cot 
30° 


4 


24/6 


5 


6 


As 


2.70 


2.98 


3.00 


3.35 


3.90 


4.04 


4.74 


Aa 


4.98 


5.00 


5.59 


6.50 


6.73 


7.91 


Bb 


2.16 


2.47 


2.50 


2.91 


3.52 


3.67 


4.43 


Bb 


3.54 


3.96 


4.00 


4.55 


5.38 


5.59 


6.64 


La 


2.25 


2.57 


2.60 


3.00 


3.60 


3.75 


4.50 


Cc 


3.40 


3.95 


4.00 


4.70 


6.73 


5.99 


7.27 


Lc 


1.50 


1.71 


1.73 


2.00 


2.40 


2.50 


3.00 


La 


3.75 


4.30 


4.33 


5.00 


6.00 


6.25 


7.50 


ab 


0.83 


0.8« 


0.87 


0.89 


0.92 


0.93 


0.95 


Ld 


2.25 


2.57 


2.60 


3.00 


3.60 


3.76 


4.50 


be 


0.75 


0.86 


0.87 


1.00 


1.20 


1.25 


1.60 


ab, be 


0.93 


0.99 


1.00 


1.08 


1.18 


1.21 


1.34 


















cd 


1.50 


1.71 


1.73 


2.00 


2.40 


2.60 


3.00 





4W 












n: 


-L/H— 2cota 














6W 




n Span -^ Height 2 cot a 




n — Span -i- Height — 2 cot a 


Member 


3 


24/7 


2 cot 
30° 


4 


24/6 


6 


6 
11.07 


Member 


3 


24/7 


2 cot 
30° 


4 


24/6 


6 


6 


Aa 


6.31 


6.96 


7.00 


7.83 


9.10 


9.42 


Aa 


9.92 


10.91 


11.00 


12.30 


14.30 


14.81 


17.39 


Bb 


5.76 


6.44 


6.60 


7.38 


8.72 


9.05 


10.75 


Bb 


8.96 


9.91 


10.0011.2513.18 


13.66 


16.13 


Ce 


5.20 


6.94 


6.00 


6.93 


8.33 


8.68 


10.43 


Cc 


8.81 


9.91 


10.0011.40 


13.63 


14.07 


16.76 


Df 


4.66 


5.43 


5.60 


6.48 


7.96 


8.31 


10.12 


Df 


8.26 


9.40 


9.6010.96 


13.16 


13.70 


16.44 


La 


6.26 


6.00 


6.07 


7.00 


8.40 


8.75 


10.60 


Eg 


7.28 


8.41 


8.50 


9.91 


12.02 


12.65 


16.18 


Lc 


4.60 


5.14 


6.20 


6.00 


7.20 


7.60 


9.00 


Fh 


7.14 


8.40 


8.50 


10.06 


12.38 


12.96 


16.93 


Lg 


3.00 


3.43 


3.46 


4.00 


4.80 


5.00 


6.00 


La 


8.25 


9.43 


9.53 


11.00 


13.20 


13.75 


16.50 


ab, ef 


0.83 


0.86 


0.87 


0.89 


0.92 


0.93 


0.96 


Ld 


6.75 


7.71 


7.79 


9.00 


10.80 


11.25 


13.50 


cd 


1.66 


1.73 


1.73 


1.79 


1.86 


1.86 


1.90 


Li 


4.50 


6.14 


5.20 


6.00 


7.20 


7.50 


9.00 


be, de 


0.75 


0.86 


0.87 


1.00 


1.20 


1.26 


1.50 


ab,bc,fg,gh 


0.93 


0.99 


1.00 


1.08 


1.18 


1.21 


1.34 


dg 


1.50 


1.71 


1.73 


2.00 


2.40 


2.60 


3.00 


de 


2.50 


2.69 


2.60 


2.68 


2.77 


2.79 


2.85 


fg 


2.26 


2.67 


2.60 


3.00 


3.60 


3.75 


4.60 


cd,ef 


1.50 


1.71 


1.73 


2.00 


2.40 


2.50 


3.00 


















ei 


2.25 


2.57 


2.60 


3.00 


3.60 


3.75 


4.50 














1 


hi 


3.75 


4.29 


4.33 


5.00 


6.00 


6.25 


7.50 



The pitch of a truss is the ratio of the rise or height to the span length of the truss. 
Pitch = H/L = i/n. n = L/H = i/pitch. 

To obtain the stress in any member of a given truss, multiply the corresponding coefficient by 
the panel load W. 

Compreasion members are designated by + and tension members by — 
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TRUSSES — Formulas for Stresses and Lengths 




2W 






n— L/H=2cot a 




PRATT TRUSS— 4 PANELS 



Member 



Aa. Bb 
La 
Lc 
ab 
be 



Stress 



+5il/na+ 4xW 
— 5i n xW 
—}4 n xW 
+ 1 x W 

— Ji^/na+iexW 



Length 



H 
H 
H 
H 



L sec a 
L 
L 
h 



PRATT TRUSS— 6 PANELS 



Member 



Aa. Bb 
Cd 
La 
Lc 
Le 
ab 
cd 
be 
do 



strefls 



+ •|/na+ 4 
-% n 
n 

h% n 
+ 1 
+ % 



Length 



xW^Ve 
xWVe 
xWiVe 
xWVo 



xW 
xW 



Mi 



xW% 



—Ui/na+ie xWVei/ D^+ieh* 
— Vtv/na+36 xWV6i/L»+36h> 



Lsec a 

L see a 

L 

L 

L 

h 

h 




4W 



n=L/H=2eota 




5W 



PRATT TRUSS-8 PANELS 


PRATT TRUSS— 10 PANELS 


Member 


Stress 


Length 


Member 


Stress 


Length 


Aa, Bb 


+%i/n2+ 4xW 


^ L sec a 


Aa. Bb 


+%l/n2+4 xW 


A L sec a 


Cd 


-l-%i/n3+ 4xW 


V& L sec a 


Cd 


+ 2i/n2+4 xW 


A Lsec a 


Df 


+%-/na+ 4xW 


V& L see a 


Df 


+%l/n2+4 xW 


]V Lsec a 


La 


—7,4 n xW 


% L 


Eh 


+%-|/n2+4 xW 


i\i L sec a 


Lc 


— % n xW 


% L 


La 


— % n xW 


Ar L 


Le 


—^4 n xW 


^& L 


Le 


—2 n xW 


A L 


Lg 


— n xW 


V* L 


Le 


—% n xW 


A L 


ab 


+ 1 xW 


V4. h 


L« 


— % n xW 


A L 


cd 


+% xW 


Ml h 


LI 


— % n xW 


% L 


ef 


+ 2 xW 
-y4i/n24-16xW 


% h 


ab 
cd 
ef 


+ 1 xW 
+% xW 
+ 2 xW 


H h 


be 


%l/La+ 16h2 


% h 


de 


— V4i/n2+36xW 


V8-/L2+36h2 


% h 


is 


— V4T/na+64xW%-/L3+ 64h2 


gh 


+% xW 


% h 








1 be 


— y4i/n2+ 16xW 


Ai/L2+16 h« 








1 de 


— V4T/n2+ 36 xW 


i\,l/L2+ 3dh« 








fg 


-^4i/n2 4- 64 xW 


i\,T/La+ »4h« 








1 hi 


-%l/n«+100xW 


Ai/La+IOOM 
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TRUSSES— Gobi 




n = Span -t- Height ~ : CD 



D = gpu -t- IIsi(ht = 2 CD 





CARNEQIB STEEL COMPANY 



CORRUGATED SHEETS 



Corrugated sheets are used for roofs and sides of buildings. They 
are usually laid directly upon the roof purlins and held in place by 
means of clips of steel hoops which encircle the purlin and are 
placed about 12 inches apart. Special care must be taken that the 
projecting edges of the corrugated sheets at the eaves and gable 
ends of the roof are well secured, otherwise the wind will loosen the 
sheets. 

Corrugated sheets are n^de in the sizes given on opposite page, 
the size most generally used has nominally 2J^ inch corrugations, 
(actual width 2% inches), about J^ of an inch in depth. The gauges 
frequently used for roofing are Nos. 20 and 22, U. S. Standard 
Gauge. 

By one corrugation is meant the double curve between corres- 
ponding points, and by depth of corrugation the greatest deviation 
of the curved surfaces from the straight line. 

One and one-half corrugations are allowed for lap in the width 
of the sheet and 6 inches in the length for the usual quarter pitch 
roof; one corrugation in width and 4 inches in the length of the 
sheet is usually allowed for sidings. 

Corrugated sheets are furnished in standard lengths of 5, 6, 7, 8, 
9 and 10 feet and with a covering width of 24 inches, when laid 
with a lap of either one or one and one-half corrugations. 

By experiment it has been determined that corrugated sheet 
steel, ^ inch deep and 0.035 inch thick, spanning 6 feet, began to 
give a permanent deflection with a load of 30 pounds per square 
foot, and that it collapsed with a load of 60 pounds per square 
foot. The distance between centers of purlins should, therefore, 
not exceed 6 feet and should preferably be less than this. 

Approximately the uniformly distributed safe load of corrugated 
sheets may be obtained from the formulas given below, using the 
following notations: — 

W=Total allowable uniform load, in pounds. 
w=Allowable uniform load, in pounds per square foot. 
b=Width of sheet, in inches. 
l=Unsupported length of sheet, in inches. 
L=Unsupported length of sheet, in feet. 
t=Thicknes8 of sheet, in inches. 
d=Depth of corrugations, in inches. 
Then: 

_ 25,000 td 
~T? — 



Tp^_ 25,000 tdb 



w 
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CORRUGATED SHEETS 



ambbxcalN bhbbt and tin platb com pant standard 

Description of Corrugated Sheets Areas of Corrugated Sheets 



Corrugations 


Width. 


Inches 


Length of 
5 Sheet, Inches 


Sq. Ft. in 1 Sheet 


Sheets 


in 100 Sq. Ft. 


Width, Inches 


III 


Num- 
ber 

sEeet 


Full 
Sheet 


Covers 
Approx. 


Corrugations 


Corrugations 


Nomi- 
nal 


Actual 


6" 


^"i^"^ 




5" 


3",2W'. 
2" 


IH". 


5 


4% 


H 


6 


28 


24 


11.67 


10.83 


10.42 


8.57 


9.23 


9.60 


3 


2% 


H 


9 


26 


24 


72 


14.00 


13.00 


12.50 


7.14 


7.69 


8.00 


2H 


2% 


H 


10 


26 


24 


84 


16.33 


15.17 


14.58 


6.12 


6.59 


6.86 


2 


2,\ 


H 


11 


26 


24 


96 


18.67 


17.33 


16.67 


5.36 


6.77 


6.00 


1^ 


IM 


% 


20 


25 


24 


108 


21.00 


19.50 


18.75 


4.76 


5.13 


5.33 


H 


U 


A 


26 


25 


24 


120 
144 


23.33 
28.00 


21.67 
26.00 


20.83 
25.00 


4.29 
3.57 


4.62 
3.85 


4.80 


Standard lengths 5, 6, 7, 8. 9 and lOfee 
immn length, 12 feet for 6" to VA" c 


t. Max- 
sorrug'n. 


4.00 



Corrugated Sheets- 
Weights in Pounds per 100 



-Painted 
Square Feet 



Nom. 


Thickness, U. S. Standard Qauge and Decimals of an Inch 


Cor- 
rug. 


12 


14 


16 


18 


20 


21 


22 


23 


24 


25 


26 


27 


28 


Idc& 


.109 


.078 


.063 


.050 


.038 


.034 


.031 


.028 


.025 


.022 


.019 


.017 


.016 


5 
3 

2% 
2 


474 


339 
339 


271 
271 
271 
271 


217 
217 
217 
217 


163 
163 
163 
163 
170 


150 
150 
150 
150 
156 


136 
136 
136 
136 
142 


123 
123 
123 
123 
128 


110 
110 
110 
110 
114 
114 


96 
96 
96 
96 
100 
100 


83 
83 
83 
83 
86 
86 


76 
76 
76 
76 
79 
79 


68 
68 
68 
68 
'72 
72 



Corrugated Sheets — Galvanized 
Weights in Pounds per 100 Square Feet 



Norn. 


Thickness, U. S. Standard Gauge and Decimals of an Inch 


Cor- 
rug. 


12 


14 


16 


18 


20 


21 


22 


23 


24 


25 


26 


27 


28 


Inches 


.109 


.078 


.063 


050 


.038 


.034 


.031 


.028 


.025 


.022 


.019 


.017 


.016 


5 
3 

2H 
2 


488 


354 
354 


286 
286 
286 
286 


232 
232 
232 
232 


178 
178 
178 
178 
185 


165 
165 
165 
165 


151 
151 
151 
151 
157 


138 
138 
138 
138 


124 
124 
124 
124 
129 
129 


111 
111 
111 
111 


98 
98 
98 
98 
101 
101 


91 
91 
91 
91 
94 
94 


85 
85 
85 

85 
87 
87 



The weights per 100 square feet given In preceding tables do not include 
allowances for end or side laps. The following table gives the approximate 
number of square feet of sheeting necessary to cover an area of 100 square 
feet and is based on sheets of standard width, 96 inches long. If longer or 
shorter sheets are used, the number of square feet required will vary accordingly . 

Square Feet of Corrugated Sheets to Cover 100 Square Feet 



Side Lap 


End Lap, Inches 


1 


2 


3 


4 


5 


6 


1 Corrugation 
2 


110 
116 
123 


111 
117 
124 


112 
118 
125 


113 
119 
126 


114 
120 
127 


115 
121 
128 
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STEEL SHEET PILING 

The introduction of steel sheet piling in substitution for wood 
ha43 made possible the extension and indeed the practical rejuvena- 
tion of the cofferdam method of making excavations. Its use has 
led to great ultimate economies, greater safety in working and to 
the extension in size and depth of open excavations to limits which 
otherwise were regarded as impossible of attainment. The cellular 
cofferdam, first used in the Black Rock Lock, Buffalo, is a very 
successful method for the elimination of the expensive, slow, and 
not always reliable, pneumatic caisson on work of large magnitude. 

Steel sheet piling by its positive interlock enables the sub-surface 
diaphragms of diaphragm dams to be made with a certainty not 
possible with wooden sheet piling, and with an economy not possible 
with concrete by reason of the elimination of the excavation 
necessary in the case of the ordinary puddle core, concrete core or 
masonry core wall. A diaphragm made of such imperishable 
materials fulfills all the requirements of the ordinary core wall with 
the additional advantage of accommodating itself, by its flexibility, 
to slight irregularities of settlement in the dam. It is also used in 
the construction of curtain walls, sea walls and loading slips, founda- 
tions for cylinder piers, sewers and trenches, etc. 

in addition to temporary cofferdams, steel sheet piling has found 
large use in the construction of permanent retaining walls for 
buildings. Driven before excavation in soils containing quick- 
sand or water-bearing strata, its use prevents the undermining of 
adjacent building foundations by movement of the strata. It also 
prevents in many cases the delay, expense and danger of under- 
pinning adjacent buildings. It may be employed in this way alone 
or reinforced by steel buckstays as shown in the illustration, which 
represents the method followed by D. H. Burnham & Company in 
constructing retaining walls for the Marshall Field and Stevens 
Building, Chicago, where sheeting with its attached buckstays was 
driven its full depth and the basement and sub-basement floors 
placed as' the excavation went forward. The rigidity of the buck- 
stays with the bracing supported by the floors eliminated the 
necessity and expense of shoring. After excavation concrete was 
filled in between the buckstays and the total expense did not 
exceed 60 per cent, of its cost by the ordinary method. 

Tfpm. The Carnegie Steel Company manufactures United 
States Steel Sheet Piling, Friestedt Interlocking Channel Bar 
Piling, and Symmetrical Interlock Channel Bar Piling. 

314 



STEEL SHEET PILING 




United States Steel Sheet Piling is a simple, plain, rolled section 
ready for use as it comes from the mill without further fabrication. 
Each piece is complete in itself and all pieces of the same width are 
interchangeable. Its profile incorporates the advantages of the 
ball and socket joint, with sufficient clearance in the interlock for 
ease in driving and sufficient space for the use of a packing substance 
between its adjacent edges to insure watertightness. United States 
Steel Sheet Piling is more easily driven and pulled than any other 
section hitherto placed on the market. The reason for this is 
believed to be the absence of a leading groove combined with the 
line contact obtained in the joints. 

Friestedt Interlocking Channel Bar Piling is a fabricated section 
made of channels and zee bars; unsymmetrical as regards adjacent 
pieces, one channel having two zee bars full length and the next 
adjacent channel being plain, that is, without see bars. 

Symmetrical Interlock Channel Bar Piling is a fabricated section 
made of channels and zee bars in which each piece has a short zee 
bar on one edge and a long zee bar on the other. The long zee bar 
forms the interlock with the next adjacent section, while the short 
zee reinforces the top of the pile and serves to distribute the blow 
from the pile driving hammer over the width of the section. 

All the sections have positive interlocks continuous throughout 
the entire length in both lateral and horizontal directions, affording 
maximum strength against side wise deflection, distortion or sepa- 
ration of the pieces due to pressures, deformation in driving, etc. 
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Strength of Sectioii. When driven and under pressure, steel sheet 
piling must have strength similar to that possessed by any other 
beam loaded equally or unequally with earth or water pressure, 
and the resistance of the piling to transverse bending can be calcu- 
lated by the known laws of flexure from the properties of the section 
as given in the tables on page 317. In the case of Symmetrical 
Interlock Channel Bar Piling, the center line of the assemblement 
is not the center line of the individual members. Calculations are 
referred, therefore, to a theoretical neutral axis and give the pro- 
perties of the sections on the assumption that when interlocked 
they will act as a unit. In the case of United States Steel Sheet 
Piling, the properties of the individual pieces are the same as the 
properties of the sections interlocked in place. 

During driving the sections are forced to act as loaded columns, 

and the tables, therefore, show the radius of gyration of the sections 

for computing their compressive resistance under load or the blow 

of the pile driving hammer. The radius of gyration of the section, 

however, need not bear any definite proportion to its length and 

blocks of wood may be bolted to the leads of the pile driver if the 

piling shows a tendency to spring. As the piling actually enters 

the earth, it is supported laterally and stiffened by the adjacent 

soil, and the blows of the hammer need but overcome the friction. 

In an ordinary cofferdam braced in the usual manner, strength in 

the interlock to resist the tearing apart of the sections by direct 

tension in a longitudinal direction is not often required, but if it is. 

United States Steel Sheet Piling is recommended for use, as its 

longitudinal strength is greater than that of the fabricated sections. 

This interlock strength in a longitudinal direction depends on the 

type of section, the opening of the jaw, the character of the soil, 

etc., and can only be determined by tests. The average longitudinal 

strength per lineal inch of medium steel sections is as follows: 

9" United States Steel Sheet Piling 5.600 pouncUr 

12 H" 38 lb. United "States Steel Sheet Piling 10,000 " 

15'' 39 lb. Symmetrical Interiock Channel Bar Piling 1,500 " 

Steel sheet piling is usually made of medium steel manufactured 
to standard specifications. Where the construction is permanent 
and possible corrosion is a serious factor, it may be made of steel 
containing about 0.50% copper, experiments on which, as well 
as analyses of old structures, indicate that such an addition goes 
very far towards making the steel practically indestructible. 

Full information on this specialty and its various uses is given 
in a separate pamphlet entitled "Steel Sheet Piling," copies of 
which can be had on request. 
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UNITED STATES STEEL SHEET PILING 




Elements of Sections, Axis x-x 



Section 
Index 


Description 


Interlocked or Single Sections 


Regular 
Comer, 
Weight. 


Width 

b. 
Inches 


Single Section 


Weight, 
Lbs.per 
8q.fi: 


I 
In.4 


r 
In. 


S 
In.8 


S* 
In.8 


h 

2 

In. 


Founds 

per 
Lineal 

Foot 




Lbs. per 
Lin. Ft. 


Area, 
Sq.In. 


M 104 
M 103 


12>4 
9 


38 
16 


11.24 
4.71 


35 
21 


8.35 
1.45 


0.87 
0.56 


4.30 
1.13 


3.97 
1.51 


13 M 


38 
16 



SYMMETRICAL INTERLOCK CHANNEL BAR PILING 




Composition and Dibcensions op Sections 





Designation 


Quumels 


Zees 


Dimensions, Inches 


No. 


In. 


Lbs. 


In. 


Lbs. 


a 
lA 


b 
lA 


c 


d 


e 

1 

k 


f 


g 


h 
2 


1 
2 
3 

4 
5 
6 


10"x28 lbs. 
10"x34 lbs. 
12"x34 lbs. 
12"x39 lbs. 
15"x39 lbs. 
15"x45 lbs. 


10 
10 
12 
12 
15 
15 


15 

20 

20.5 

25 

33 

40 


3HxM 
3HxM 
3^x5? 

4HzH 
4J^x^ 


4.8 
4.8 
8.6 
8.6 
9.2 
9.2 


3 
3 

3H 
3N 

4H 


2 
2 

2H 

3 


l}4. 


5 
5 
6 
6 

7H 
7M 


9 

9 

10^ 
10^ 

13H 
13J^ 









Elements of 


Sections, 


Axis 


x-x 










Description 


Sections Interlocked 


Single Section 


Regular 
Comer, 
Weight, 
Pounds 


No. 


Width. 
Inches 


Single Section 


Weight, 
Lbs.per 
Sq. Ft. 


I 
In.4 


r 
In. 


S 
In.8 


s* 

In.8 


I 
In.* 


r 
In. 


S 
In.8 




Lbs. per 
Lin. Ft. 


Area, 
Sq.In. 


per 

Lineal 

Foot 


1 
2 
3 

4 
5 
6 


10 
10 
12 
12 
15 
15 


21 
26 
30 
35 
44 
51 


5.87 
7.29 
8.54 
9.86 
12.60 
14.46 


28 
34 
34 
39 
39 
45 


7.09 
10.26 
14.59 
18.66 
28.96 
36.82 


1.10 
1.19 
1.31 
1.38 
1.52 
1.60 


3.64 
5.27 
6.63 
8.48 
11.44 
14.55 


4.85 
7.03 
7.32 
9.36 
10.17 
12.93 


5.52 
6.61 
11.18 
12.63 
19.33 
21.60 


0.97 
0.95 
1.14 
1.13 
1.24 
1.22 


2.24 
2.50 
3.95 
4.23 
5.68 
6.07 


26 
31 
38 
42 
51 
58 



8* is the average section modulus per horizontal foot of wall interlocked in place. 
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STRUCTURAL TIMBER 

The strength of structural timbers depends upon a number of 
factors; the kind of wood, the age of the tree, the time of the year 
in which it was felled, the method of sawing, the character of the 
seasoning and therewith its moisture content, the proportion of 
heartwood to sapwood and the proportion of knots to clear wood. 

In consequence of these variable factors, the working unit stresses 
approved by the building laws of different cities vary widely, as 
well also as the unit stresses given in the proceedings of the various 
engineering associations. They go back in some cases to the 
studies made in 1895 by the Association of Railway Superintendents 
of Bridges and Buildings. 

The most recent studies in this direction have been made by the 
American Railway Engineering Association, and the tables for 
wooden beams and columns which follow are based on the working 
unit stresses for structural timbers adopted by that Association. 
The table of working unit stresses has been reprinted, by permission, 
from the Manual, edition of 1911. 

These unit stresses vary with the class of construction. They are 
intended, as noted, for railway bridges and trestles. For highway 
bridges and trestles and for buildings and similar structures, the 
unit stresses may be increased in accordance with the more quiescent 
character of the loading and freedom from deleterious weather 
conditions. The values are based on carefully selected timber 
purchased in accordance with the standard specifications of the 
Association and subject to careful inspection. 

The commercial timbers which are in common use in building 
construction will not meet these specifications, and, therefore, the 
unit stresses approved by good building practice as evidenced in 
the building laws of various cities are rightly lower. The tables 
as they stand are in accord with the average practice as represented 
by these building laws, and may, therefore, be used as they stand 
for ordinary building work executed with the commercial grades of 
timber, such as can be purchased in the open market. 

The allowable loads may be adjusted to other species of wood 
than those stated in the headings of the tables and to other unit 
stresses by the direct proportion which such unit stresses bear to 
those for which the tables are computed. In the case of columns 
the values may be adjusted to any working unit stress by direct 
proportion based on the relations of 1/d. 
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TIMBER SAFE LOADS 



WORKING UNIT STRESSES FOR STRUCTURAL TIMBER 

ADOPTED BY THB AHEBICAN BAtLWAT ENGINEEBINQ ASSOCIATION 

The working unit stresses given In the table are intended for railroad 
bridges and trestles. For highway bridges and trestles, the unit stresses 
may be increased 25 per cent. For buildings and similar structures, in which 
the timber is protected from the weather and practically free from impact, 
the unit stresses may be increased 50 per cent. To compute the deflection 
of a beam under long continued loading instead of that when the load is 
first applied, only 50 per cent, of the corresponding modulus of elasticity 
given in the table is to be employed. 
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CARNBQIE STEEL COMPANY 



WOODEN BEAMS 

The safe load tables of wooden beams which follow, based upon 
the working unit stresses adopted by the American Railway 
Engineering Association, give the uniformly distributed safe loads 
for rectangular sections one inch thick; the safe load for a beam of 
any thickness is found by multiplying the tabular value by the 
thickness of the beam in inches. The safe loads include the weight 
of the beams and are computed on the assumption that the beams 
are braced against lateral deflection. These tables also give mini- 
mum and maximum spans and coefficients of deflection. 

The maximum safe loads as limited by the allowable shearing 
stresses along horizontal axes of beams have been calculated from 
the formula: Maximum safe load = % x area of section x safe 
unit stress for longitudinal shear. These limits, indicated also by 
horizontal lines in the tables, should not be exceeded to avoid 
failure of the beam in horizontal direction of the grain of the wood. 

The theoretical deflection in the center of the span for uniformly 
distributed and permanently appHed loads is obtained from the 
coefficients of deflection by dividing the depth of the beam, in 
inches, into the corresponding coefficient; the result obtained only 
approximates the actual deflection, as the modulus of elasticity 
varies with the moisture content of the wood. 

The deflection of beams intended to carry plastered ceilings should 
not exceed ^eo of the span; the tables give the maximum spans for 
this limit and for uniform and permanently applied loads. 

For loads concentrated in the center of the span, use one-half the 
values for the tabular loads and four-fifths of the coefficients of 

deflection. For special cases of loading, see pages 170 to 175. 

ExAMpLB 1. — Required the thickness and the approximate deflection of a 
beam of white oak, 14- inches deep, supporting a uniformly distributed and 
permanent dead and live load of 10,000 poimds over a span of 19 feet. 

The tabular value for a beam one inch thick and for a span of 19 feet is 
1,261 poimds; the required thickness is therefore 10,000-^1,261=8 inches, and 
the deflection is 20.72-1-14=1.48 inches. 

Example 2. — Required the safe los^i of a beam of white pine, 8 inches 
deep and 6 inches thick, without exceeding the longitudinal shearing stress. 

The table gives for a corresponding beam 1 inch thick a safe load of 747 
poimds; the total safe load is therefore 6 x 747=4,482 pounds, or the safe load 
which can be safely supported over a span of 8.6 feet. 

Example 3. — Required the safe load, concentrated in the center of a span 
26 feet long, and the deflection of a beam of longleaf pine, 18 inches deep and 
12 inches thick. 

The table gives for a corresponding beam 1 inch thick a uniformly distri- 
buted safe load of 1,800 pounds, or for a load in center of span l,800-i-2=900 
pounds; for a beam 12 inches wide the safe load is therefore 900 x 12= 10.800 
pounds, and the deflection is approximately ^ x 32.75-^-18=1.46 inches. 
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I RECTANGULAR WOODEN BEAMS— ONE INCH THICK 
' Maxiuuu Safb Loadb and IdHiTiNo Spans 
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Maximum Spans in Feet for Permanent Loads 



CARNEQIB STEEL COMPANY 



RECTANGULAR 


WOODEN BEAMS— ONE INCH THICK 






DOUGLAS FIR 




Allowable Uniform Load in Pounds 




Maximum Bending Stress, 1200 Poimds per Square Inch 


Span 

in 

Feet 


• 

Depth of Beam in Inches 


2 


4 

* 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


2 
3 
4 
5 


296 


687 






















267 

178 

133 
107 


533 
427 


6 

7 

8 
9 

10 


89 
76 

67 


356 
30Q 

267 
237 

213 


880 


1178 


1407 
















800 
686 

600 
533 

480 


1067 
948 

853 


1333 


11 
12 

13 
14 

15 




194 
178 


436 
400 

369 
343 

820 


776 
711 

656 
610 

569 


1212 
1111 

1026 
952 

889 


1780 


9068 


2847 










1745 
1600 

1477 
1371 

1280 


2010 
1867 

1742 


2276 


16 

17 
18 

19 

20 






300 


533 
502 
474 

449 

427 


833 

784 
741 

702 

667 


1200 

1129 
1067 

1011 

960 


1633 

1537 
1452 

1375 

1307 


2133 

2008 
1896 

1796 

1707 


2640 


9M8 


8227 




2541 
2400 
2274 
2160 


2807 
2667 


3227 


21 

22 
23 
24 
25 










635 
606 
580 
556 


914 

873 
835 
800 
768 


1244 

1188 
1136 
1089 
1045 


1625 
1552 
1484 
1422 
1365 


2057 

1964 
1878 
1800 
1728 


2540 

2424 
2319 
2222 
2133 


3073 

2933 
2806 
2689 
2581 


asso 


3491 i 
3339 j 
3200 
3072 


26 
27 
28 
29 
30 












738 
711 
686 


1005 
968 
933 
901 
871 


1313 
1264 
1219 
1177 
1138 


1662 
1600 
1543 
1490 
1440 


2051 
1975 
1905 
1839 
1778 


2482 
2390 
2305 
2225 
2151- 


2954 
2844 
2743 
2648 
2560 


31 
32 
33 
34 
35 














843 
817 


1101 
1067 
1034 
1004 
975 


1394 
1350 
1309 
1271 
1234 


1720 
1667 
1616 
1569 
1524 


2082 
2017 
1956 
1898 
1844 


2477 
2400 
2327 
2259 
2194 


36 
37 
38 
89 
40 
















948 


1200 
1168 
1137 
1108 
1080 


1481 
1441 
1404 
1368 
1333 


1793 
1744 
1698 
1655 
1613 


2133 
2076 
2021 
1969 
1920 

1 


Ho 


iriiontal lines indicate t! 


be limit for renstance to shear in the horisontal direction of the grun. > 
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RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

LONGLEAF FINE 

Allowable Uniform Load in Pounds 
Maximum Bending Stress, 1300 Pounds per Square Inch 



Span 


= ua_«_Li: : Lj 1 . ^ 

Depth of Beam in Inches 


in 
Feet 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 




820 


(MO 






















2 
3 


289 
193 
144 
116 




4 
5 


678 
462 




t 


96 
83 

72 


385 
330 
289 
257 

231 


960 


1S80 


1600 
















6 

7 


867 
743 

650 
578 

520 




8 
9 


1156 
1027 

924 




10 


1444 








210 
193 


473 
433 

400 
371 

347 


840 
770 

711 
660 

616 


131^ 
1204 

1111 
1032 

963 


1990 


9240 


9660 










11 
12 


1891 
1733 

1600 
1486 

1387 




13 
14 


2178 
2022 

1887 




15 


2465 




16 






325 


578 

544 
514 

487 
462 


903 

850 
802 

760 
722 


1300 

1224 
1156 

1096 
1040 


1769 

1665 
1573 

1490 
1416 


2311 

2175 
2054 

1946 
1849 


2880 


8900 


8B20 




17 

18 


2753 
2600 
2463 
2340 




19 


3041 
2889 




20 


3496 




21 






' 




688 

667 
628 
602 


991 

945 
904 
867 
832 


1348 

1287 
1231 
1180 
1132 


1761 

1681 
1608 
1541 
1479 


2229 

2127 
2035 
1950 
1872 


2751 

2626 
2612 
2407 
2311 


3329 

3178 
3040 
2913 
2796 


8840 


22 
23 
24 
25 


3782 
3617 
3467 
3328 


26 
27 
28 
29 
30 












800 
770 
743 


1089 

1049 

1011 

976 

944 


1422 
1370 
1321 
1275 
1233 


1800 
1733 
1671 
1614 
1560 


2222 
2140 
2064 
1992 
1926 


2689 
2589 
2497 
2411 
2330 


3200 
3082 
2971 
2869 
2773 


31 
32 
33 
34 
35 














913 

885 


1193 
1166 
1121 
1088 
1067 


1510 
1463 
1418 
1377 
1337 


1864 
1806 
1751 
1699 
1651 


2265 
2185 
2119 
2056 
1998 


2684 
2600 
2521 
2447 
2377 


36 
37 
38 
39 
40 
















1027 


1300 
1265 
1232 
1200 
1170 


1605 
1662 
1621 

1482 
1444 


1942 
1890 
1840 
1793 
1748 


2311 
2249 
2189 
2133 
2080 



Horiiontal lines indicate the limit for resistance to shear in the horizontal direction of the grain. 
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RECTANGULAR WOODEN BEAMS—ONE INCH THICK 

SHORTLEAF PINE, WESTERN HEBILOCK AND WHITE OAK 

Allowable Uniform Load in Pounds 
Maximum Bending Stress, 1100 Poimds per Square Inch 



Span 

in 

Feet 



2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 



Deptii of Beam in Inches 



847 



245 

163 

122 

98 

82 
70 
61 



698 



652 

489" 

391 

326 
279 
245 
217 
196 

178 
163 



6 



1040 



880 

"733 
629 
550 
489 
440 

400 
367 
338 
314 
293 

275 



8 



1887 



1304 

I'i'rf 

"978 
869 
782 

711 
652 
602 
559 
522 

489 
460 
435 
412 
391 



10 



1788 



1528 
1368 
i2'22 

1111 

1019 

940 

873 

816 

764 
719 
679 
643 
611 

583 
556 
531 
509 



12 



9060 



1956 
1760 

1600 
1467 
1354 
1257 
1173 

1100 

1035 

978 

926 

880 

838 
800 
765 
733 
704 

677 
652 
629 



14 



2427 



2396 

2178 
1996 
'i"843 
1711 
1597 

1497 
1409 
1331 
1261 
1198 

1141 

1089 

1042 

998 

958 

921 
887 
856 
826 
799 

773 
749 



16 



2778 



2607 
2407 
2235 
2086 

1956 
1841 
1738 
1647 
1564 

1490 
1422 
1361 
1304 
1252 

1203 
1159 
1118 
1079 
1043 

1009 
978 
948 
920 
894 

869 



18 



8120 



3046 
2829 
2640 

2475 
2329 
2200 
21084 
1980 

1886 
1800 
1722 
1650 
1584 

1523 
1467 
1414 
1366 
1320 

1278 
1238 
1200 
1165 
1131 

1100 
1070 
1042 
1015 



20 



8467 



3259 

3055 
2876 
2716 
'257'3 
2444 

2328 
2222 
2126 
2037 
1956 

1880 
1811 
1746 
1686 
1630 

1577 
1528 
1482 
1438 
1397 

1358 
1321 
1287 
1254 
990 1 1222 



22 



8818 



3697 
3480 
3287 
3113 
2958 

2817 
2689 
2572 
2465 
2366 

2276 
2191 
2113 
2040 
1973 

1908 
1849 
1793 
1740 
1690 

1643 
1599 
1567 
1517 
1479 



24 



4160 



4141 
3911 
3705 
3520' 

3352 

3206' 

3061 

2933 

2816 

2708 
2608 
2514 
2428 
2348 

2271 
2200 
2133 
2071 
2011 

1966 
1903 
1863 
1806 
1760 



Upper, middle, and lower horizontal lines indicate the limits for resistance to shear in the 
horizontal direction of the grain of Shortleaf Pine, White Oak, and Hemlock respectively. 
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TIMBER SAFE LOADS 



RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

whttb pine 

Allowable Uniform Load in Pounds 
Maximum Bending Stress. 900 Pounds per Square Inch 



Span 


Depth of Beam in Inches 


in 

Feet 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


2 


187 


878 : 


1 








• 










■ 


3 

4 ; 


133 
100 

80, 




5 


320: 




6 

7 
8 

9 
10 


67 
67 
60 


267 

229 
200 

178 
160 


seo 


747 


( 








■ 


• 






514 
460 

400 
360 




711 
640 




11 
12 

13 

14 

15 




146 
133 


327 
300 

277 
257 

240 


682 
633 
492 
467 

427 


988 


1120 


1807 












909 
833 

769 
714 

667 




1108 
1029 

960 




1307 




16 
17 

18 
19 

20 






225 


400 
377 

356 
337 

320 


625 

588 

566 
526 

500 


900 

847 

800 

758 

720 


1225 
1163 

1089 
1032 

980 


1498 


1680 








1422 
1347 

1280 




1620 




21 

22 
23 

24 
25 










476 

455 
435 

417 


686 

655 
626 

600 
576 


933 

891 
852 

817 
784 


1219 

1164 
1113 

1067 
1024 


1643 

1473 
1409 

1350 
1296 


1867 


2068 




1818 
1739 

1667 
1600 




2017 
1936 




26 
27 
28 
29 
30 












554 

' 633 

514 


754 
726 
700 
676 
653 


985 
948 
914 
883 
853 


1246 
1200 
1157 
1117 
1080 


1538 
1481 
1429 
1379 
1333 


1862 
1793 
1729 
1669 
1613 


2240 


2216 
2133 
2067 
1986 
1920 


31 
32 
33 
34 
35 














632 
613 


826 
800 
776 
753 
731 


1045 

1013 

982 

953 

926 


1290 
1250 
1212 
1176 
1143 


1661 
1613 
1467 
1424 
1383 


1868 
1800 
1746 
1694 
1646 


36 
37 
38 
39 
40 
















711 


900 
876 
853 
831 
810 


1111 
1081 
1053 
1026 
1000 


1344 
1308 
1274 
1241 
1210 


1600 
1657 
1516 
1477 
1440 



Horuontal lines indicate the limit for resistance to shear in the horisontal direction of the grain. 
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CARNEQIE STEEL COMPANY 



RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

SPRUCE 

Allowable Uniform Load in Pounds 
Mazimiun Bending Stress, 1000 Pounds per Square Inch 



Spaa 


Dep^ of Beam in Inches 


in 
Feet 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


2 


187 


878 






















3 

' 4 


148 
111 

89 




5 


356 




6 

7 


74 
63 
56 


296 
254 

222 
198 

178 


600 


747 


















8 
9 


500 
444 

400 




10 


711 




11 




162 
148 


364 

333 
308 
286 

267 


646 

593 
547 

508 

474 


968 


1120 














12 

.13 

14 


926 
855 
794 

741 




. 15 


1067 




16 






250 


444 

418 
395 
374 

356 


694 

654 
617 
585 

556 


1000 
941 
889 
842 

800 


1807 


1498 










17 
18 
19 


1281 
1210 
1146 

1089 




20 


1422 




21 










529 

505 
483 

463 


762 

727 
696 

667 
640 


1037 

990 
947 

907 

871 


1354 

1293 
1237 

1185 
1138 


1680 


1867 






22 
23 


1636 
1565 

1500 
1440 




24 
25 


1852 

1778 




26 












615 

593 
571 


838 

807 
778 

761 
726 


1094 

1053 
1016 

981 
948 


1385 

1333 
1286 
1241 
1200 


1709 

1646 
1587 

1533 
1481 


9068 




27 

28 


1992 
1921 

1854 
1793 


SS40 


29 
30 


2207 
2133 


31 
32 
33 
34 
35 






- 








703 
681 


918 
889 
862 
837 
813 


1161 
1125 
1091 
1059 
1029 


1434 
1389 
1347 
1307 
1270 


1735 
1681 
1630 
1582 
1537 


2065 
2000 
1939 
1882 
1829 


36 
37 

38 
39 
40 








• 








790 


1000 
973 
947 
923 
900 


1235 
1201 
1169 
1140 
1111 


1494 
1453 
1415 
1379 
1344 


1778 
1730 
1684 
1641 
1600 



Horiiontal lines indicate the limit for resistance to shear in the horizontal direction of the grain. 

326 



TIMBER SAFE LOADS 



WOODEN COLUMNS 

The safe load tables o! wooden columns which follow, based 
upon the working unit stresses adopted by the American Railway 
Engineering Association, give the allowable direct compressive 
loads for square and round columns. 

The safe loads of rectangular columns may be found from the 
safe loads of square columns by direct proportion of areas, using 
the safe load imit stress of the square column whose side is equal 
to the least side of the rectangular section. 

The following table gives the safe load in pounds per square inch 
of sectional area for ratios of 

J effective length of column, in inches 

d least side or diameter, in inches ' 
ranging between limits of 15 and 30. 



Unit Working Stresses in Pounds per Square Inch 









Shortleaf 










T»nnjtlflaf 


DqaglasI^, 
Western 
Hemlock 


Pine, 


White Pine, 


Red Cedar, 


Norway 


1 

d 


Pme, 
White Oak 


Spnioe, 
BaldCypresB 


Tamarack 


Redwood 


Pine 




1300(1— 1/deO) 


1200(1— l/dW) 


1100(1— l/dW) 


1000(1— l/d60) 


900 (1— l/d60; 


800(1— l/d60) 


15 


975 


900 


825 


760 


675 


600 


16 


953 


880 


807 


733 


660 


587 


17 


931 


860 


788 


717 


645 


573 


18 


910 


840 


770 


700 


630 


560 


19 


888 


820 


752 


683 


615 


547 


20 


867 


800 


733 • 


667 


600 


533 


21 


845 


780 


715 


650 


685 


520 


22 


823 


760 


697 


633 


670 


507 


23 


802 


740 


678 


617 


555 


493 


24 


780 


720 


660 


600 


540 


480 


25 


768 


700 


642 


583 


525 


467 


26 


737 


680 


623 


567 


510 


553 


27 


715 


660 


605 


550 


495 


440 


28 


693 


640 


587 


533 


480 


427 


29 


672 


620 


568 


517 


465 


413 


30 


650 


600 


550 


500 


450 


400 



Example 1. — Required the allowable load for a column of white oak 
10" X 8", 14 feet long. 



// 



The safe load given in the table for a square white oak column 8" x 8 
14 feet long, is 54,100 pounds. The load for the 10" x 8" section is 
10 X 54,100 -J- 8 = 67,600 pounds. 

Example 2. — Required the allowable load for a spruce pile, 9" diameter 
and 18 feet long. 

The unit stress given in the above table for the corresponding ratio of 
1/d, 18 X 12 ^ 9 = 24 is 660 pounds, and the sectional area for a 9" round is 
63.62 square inches. The safe load, therefore, is 63.62 x 660==42,(X)0 pounds. 
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CARNEQIB STEEL COMPANY 



SQUARE WOODEN COLUMNS 

Safe Loads in Thousands of Pounds 
American Railway Engineering Association Formula^ 






Length, 
Feet 



5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 



5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 



5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 



5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 



Side of Square, Inches 



15.6 



16.6 
14.6 
13.5 
12.6 
11.4 
10.4 



14.4 



14.4 
13.4 
12.6 
11.5 
10.6 
9.6 



18.2 



13.2 
12.3 
11.4 
10.6 
9.7 
8.8 



12.0 



12.0 

11.2 

10.4 

9.6 

8.8 

8.0 



85.1 



34.3 
32.8 
31.2 
29.6 
28.1 
26.0 



8 



62.4 



62.4 
60.3 
68.2 
64.1 
49.9 
46.8 
41.6 



10 



97.6 



93.6 
8S.4 
83.2 
78.0 



82.4 



31.7 
30.2 
28.8 
27.4 
25.9 
23.0 



29. 



29.0 
27.7 
26.4 
25.1 
23.8 
21.1 



27.0 



26.4 
25.2 
24.0 
22.8 
21.6 
19.2 



67.C 



67.6 
65.7 
53.8 
49.9 
46.1 
42.2 
38.4 



90.0 



86.4 
81.6 
76.8 
72.0 



52.8 



52.8 
51.0 
49.3 
45.8 
42.2 
38.7 
35.2 



48.0 



48.0 
46.4 
44.8 
41.6 
38.4 
35.2 
32.0 



82.6 



79.2 
74.8 
70.4 
66.0 



76.0 



72.0 
68.0 
64.0 
60.0 



12 



140.4 



137.3 
131.0 
124.8 



129.6 



126.7 
121.0 
115.2 



118.8 



116.2 
110.9 
105.6 



lOSJO 



105.6 

100.8 

96.0 



14 



191.1 



189.3 
182.0 



176.4 



174.7 
168.0 



161.7 



160.2 
154.0 



147.0 



145.6 
140.0 



16 



18 



20 



240.6 



249.6 



316.9 



390.0 



230.4 



230.4 



211.2 



211.2 



192 J) 



192.0 



291.6 



360.0 



267.3 



330.0 



243.0 



300.0 



Loads above horiiontal lines are the maximum allowable safe loads. 
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TIMBER SAPB LOADS 



ROUND WOODEN COLUMNS 

Safe Lqads in Thousands of Pounds 
American Railway Engineering Association Fonnnlas 






Length, 
Feet 



5 

6 

7 

8 



10 

11 

12 

14 

16 

18 

20 



5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 



5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 



5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 



18 8 



12.3 

11.4 

10.6 

9.8 

9.0 

8.2 



11.8 



11.3 
10.6 
9.8 
9.1 
8.3 
7.6 



10.4 



10.4 
9.7 
9.0 
8.3 
7.6 
6.9 



9.4 



9.4 
8.8 
8.2 
7.5 
6.9 
6.3 



Diameter, Inches 



27.6 



27.0 
25.7 
24.5 
23.3 
22.1 
19.6 



26.4 



24.9 
23.7 
22.6 
21.5 
20.4 
18.1 



28.8 



22.8 
21.8 
20.7 
19.7 
18.7 
16.6 



21.2 



20.7 
19.8 
18.9 
17.9 
17.0 
15.1 



8 



49.0 



49.0 
47.4 
46.7 
42.5 
39.2 
35.9 
32.7 



45.2 



45.2 
43.7 
42.2 
39.2 
36.2 
33.2 
30.2 



41.6 



41.5 
40.1 
38.7 
35.9 
33.2 
30.4 
27.6 



87.7 



37.7 
36.4 
35.2 
32.7 
30.2 
27.6 
25.1 



10 



76.6 



73.5 
69.4 
65.3 
61.3 



70.7 



67.9 
64.1 
60.3 
56.5 



M.8 



62.2 
68.7 
55.3 
51.8 



68.9 



56.5 
53.4 
50.3 
47.1 



12 



110.8 



107.8 

102.9 

98.0 



14 



160.1 



148.7 
142.9 



101.8 



99.5 
95.0 
90.5 



96 J) 



91.2 
87.1 
82.9 



84.8 



82.9 
79.2 
75.4 



188.6 



137.2 
132.0 



127.0 



125.8 
121.0 



116JS 



114.4 
110.0 



16 



196.0 



196.0 



181.0 



181.0 



168.9 



165.9 



160.8 



150.8 



18 



20 



248.1 



306.3 



229.0 



282.7 



209.9 



259.2 



190.9 



235.6 



Loads above horuontal lines are.the maximum allowable safe loads. 
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CARNBOiE STEEL COMPANY 

SPECIFIC GRAVITIES AND WEIGHTS 
Watbe at 4°C. and Nobmai, Atmobphbric Phbsstjiui 






7.^-7.9 
7^7,» 

8.7-7J 



TuiMuSidldi 

Ccr»lg.asta. bdk. 

Hftr and Stnw, bain 

Cotton, nu. Hemp 

Fit! t: 

Fknli, loow 

oiaa,cammoii!:!::!:!:: 

LwUitt 

Pnw 

FoUI«B,IHkd 

Rubber. MDUIdhoue 

Rubber coods 

Salt, gntnilBMd, inkd. . . 

Btutb. .'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 
Buli)luir 



1.70-1. IS 
I.S2-0.9e 



ISJSS^::::.:.: 








I^-.™.::::: 


0.48 


Elm.wfaiU 


0.73 










































^'^■Sa:;:: 


lit 


B«™.wliiU,blaofc..:.:, 


0.42 
0.10-0.46 






saassJ 




Aoita. munitio 40%. . . 
" nilphuriB S7%.'.'.' 

^S^iabio.-::"^-::- 


S 
IS 


^^1:^^^"^^:: 








■■ eiKW,fMhf»IlBD.„ 




fiM«l,Ail = l 

Air,(TC,rMmm 


1.0 






















NlttOgHl 
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PHYSICAL PROPERTIES OP SUBSTANCES 



SPECIFIC GRAVITIES AND WEIGHTS 
Water at 4^. and Normal Atmospheric Pressure 



Substanoe 



Ashlar MMonry 

Granite, ayenite, gneiflB. . . 

Limestone, marble 

Saodatone, bluestone 

Morter Rabble Maaomy 

Granite, syenite, gneiss — 

limestone, marble 

Sandstone^ bluestone 

Dry Rabble Masonry 

Granite, syenite, gneiss. . . . 

Limestone, marble 

Sandstone, bluestone 

Briek Masonry 

Pressed brick 

Common briek 

Soft brick 

Concrete Masonry 

Cement, stone, sand 

" slag, etc 

" ciiuder, etc 

Tarions BnUdinff Mat* 1 

Ashes, cinders 

Cemsnt, Portland, loose. . . 

D6 V ■ • • t • 

Lime, gypsum, loose 

Mortar, set 

Slags, bank slag 

'*^ " screenings 

" machine slag 

" slag sand 

Eaitb, etc, Excayated 

Clay, dry 

" damp, plastic 

Clay and gravel, dry 

Earth, dry, loose 

^* packed 

moist, loose 

" packed 

mud, nowing 

" packed 

Itiprap, limestone 

" sandstone 

" shale 

Sand, grayel,diy, loose... 
packed, 
wet 



u 

(t 
u 
<l 



u 



«« 



M 






EzcaTationa in Water 

Sand or gravel 

" " " and clay... 

Clay 

River mud 

8oU 

fit<me riprap 



Specific 
Gravity 



2.3-3.0 
2.3-2.8 
2.1-2.4 

2.2-2.8 
2.2-2.6 
2.0-2.2 

l.fr-2.3 
l.Jh2.1 
1.8-1.9 

2.^-2.3 
1.8-2.0 
1.5-1.7 

2.2-2.4 
1.9-2.3 
1.6-1.7 



2.7-3.2 
1.4-1.9 



Weight. 
Pounds 

per 
Cu. Ft 



165 
160 
140 

155 
150 
130 

130 
125 
110 

140 
120 
100 

144 
130 
100 

40-45 

90 

183 
53-64 

103 
67-72 
98-117 

96 
4(h55 

63 

110 

100 

76 

95 

78 

96 

108 

115 

80-85 

90 

105 

90-105 

100-120 

118-120 

60 
65 
80 
90 
70 
65 



Substance 



Mfawralff 



Asbestos 

Barytes 

Basalt 

Bauxite 

Borax 

Chalk 

Clay, marl 

Dolomite 

Feldspar, orthoclase 

Gneiss, serpentine 

Granite, syenite 

Greenstone, trap 

Gypsum, alabaster 

Hornblende 

Limestone, marble 

Magnesite 

Fbosphate rock, apatite .. 

Porphyry 

Pumice, natural 

Quarts, flint 

Sandstone, bluestone 

Shale, slate 

Soapstone, tale 



Stone, Quarried, Piled 

Basalt, granite, gneiss 

Limestone, marble, quarts 

Sandstone 

Shale 

Greenstone, hornblende : . . 



Ritaminona Substan* 

Asphaltum 

Coal, anthracite 

" bituminous 

" lignite 

" peat, turf, dry . 

" charcoal, pine.. 

" oak. 

" coke 

Graphite 

Paraffine 

Petroleum 

refined.... 
" bensine . . . 
" gasoline. . . 

Pitch 

Tar, bituminous 



Coal and Coke, Piled 

Coal, anthracite 

bituminous, lignite . 

peat, turf 

charcoal 

coke 



ii 
« 



Specific 
Gravity 



2.1-2.8 

4.50 
2.7-3.2 

2.55 
1.7-1.8 
1.8-2.6 
1.8-2.6 

2.9 
2.5-2.6 
2.4-2.7 
2.5-3.1 
2.8-3.2 
2.3-2.8 

3.0 
2.5-2.8 

3.0 

3.2 
2.6-2.9 
0.37-0.90 
2.5-2.8 
2.2-2.6 
2.7-2.9 
2.6-2.8 



l.l-U 

1.4-1.7 

1.2-1.6 

1.1-1.4 

0.66-0.85 

0.28-0.44 

0.47-0.57 

1.0-1.4 

1.9-2.3 

0.87-0.91 

0.87 
0.79-0.82 
0.73-0.75 
0.66-0.69 
1.07-1.15 
1.20 



Weight, 
Pounds 

per 
Cu.Pt. 



153 
281 
184 
169 
109 
137 
137 
181 
169 
169 
176 
187 
159 
187 
165 
187 
200 
172 
40 
165 
147 
175 
169 



96 
95 
82 
92 
107 



81 
97 
84 
78 
47 
23 

33 
76 
131 
66 
64 
60 
46 
42 
69 
75 



47-58 
40-64 
20-26 
10-14 
23-32 
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CARNBQIE STEEL COMPANY 



CONTENTS OF STORAGE WAREHOUSES 



Matorial 



Groeeries, Wines, Liqnon, Etc 



Beans, in bags 

Canned Goods, in cases 

Ooffee, Roasted, in bags 

Ooffee, Green, in bags 

Dates, in cases 

Figs, in cases 

Flour, in barrels 

Molasses, in barrels 

Rice, in bags 

Sal Soda, in barrels 

Salt, in bags 

Soap Powder, in cases 

Starch, in barrels 

Sugar, in barrels 

Sugar, in cases 

Tea, in chests 

Wines and Liquors, in barrels. 



Dry Goods, Cotton, Wool, Etc. 

Burlap, in bales 

Coir Yarn, in bales 

Cotton, in bales, compressed 

Cotton Bleached Goods, in cases 

Cotton Flannel, in cases 

Cotton Sheeting, in cases 

Cotton Yam, in cases 

Elxcelsior, compressed 

Hemp, Italian, compressed 

Hemp, Manila, compressed 

Jute, compressed 

linen Damask, in cases 

Linep Goods, in cases 

Linen Towels, in cases 

Sisal, compressed 

Tow, compressed 

Wool, in bales, compressed 

Wool, in bales, not compressed , 

Wool, Worsteds, in cases 



Weights 

per 

Cubic Foot 

of Space, 

Pounds 



40 
58 
33 
39 
55 
74 
40 
48 
58 
46 
70 
38 
25 
43 
51 
25 
38 



43 
33 
18 
28 
12 
23 
25 
19 
22 
30 
41 
50 
30 
40 
21 
29 
48 
13 
27 



Hdght 

of Pile, 

Feet 



8 
6 
8 
8 
6 
5 
5 
5 
6 
5 
5 
8 
6 
5 
6 
8 
6 



6 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
5 
8 
6 
8 
8 

8 
8 



Weights 

per 

Square Foot 

of Floor, 

Pounds 



320 
348 
264 
312 
330 
370 
200 
240 
348 
230 
350 
304 
150 
215 
306 
200 
228 



258 
264 
144 
224 
96 
184 
200 
152 
176 
240 
328 
250 
240 
240 
168 
232 

104 
216 



Recommended 
Live Loads, 
Poundsper 
Square loot 



250 to 300 



r 200 to 260 



J 
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PHYSICAL PROPERTIES OP SUBSTANCES 



CONTENTS OF STORAGE WAREHOUSES 



Material 



BoUdinff HateriaLi 

Cranent, Natural 

Portland 

Lime and Plaster 

Hardware, Etc 

Door Checks 

Hinges 

Locks, in cases, packed 

Sash Fasteners 

Screws 

Sheet Tin, in boxes 

Wire Cables, on reels 

Wire, Insulated Copper, in coils 

Wire, Galvanised Iron, in coils 

Wire, Magnet, on spools 

Draffs, Paints, Oil, Etc 

Alum, Pearl, in barrels 

Bleaching Powder, in hogsheads 

Blue Vitriol, in barrels 

Glycerine, in cases 

Linseed Oil, in barrels 

Linseed Oil, in iron drums 

Logwood Extract, in boxes 

Rosin, in barrels 

Shellac, Gum 

Soda Ash, in hogsheads 

Soda, Caustic, in iron drums 

Soda, Silicate, in barrels 

Sulphuric Acid 

White Lead Paste, in cans 

White Lead, dry 

Red Lead and Litharge, dry 

Miscellaneous 

Glass and Chinaware, in crates 

Kdes and Leather, in bales 

Hides, Buffalo, in bimdles 

Paper, Newspaper, and Strawboards 

Paper, Writing and Calendared 

Rope, in coils 



Weights 

per 

Cubic Foot 

of Space, 

Pounds 


Height 

ofKle, 

Feet 


Weights 

per 

Square Foot 

of Floor, 

Pounds 


Recommended 

Live Loads, 

Poundsper 

Square Foot 


59 


6 


354 


' 


73 


6 


438 


' 300 to 400 


53 


5 


265 


4 


45 






' 


64 








31 








48 








101 

278 


2 


556 
425 


- 300 to 400 


63 


5 


315 




74 


4V2 


333 




75 


6 


450 


4 


33 


6 


198 




31 


3H 


102 




45 


5 


226 




52 


6 


312 




36 


6 


216 




45 


4 


180 




70 


5 


350 




48 


6 


288 


' 200 to 300 


38 


6 


228 




62 


2% 


167 




88 


3H 


294 




53 


6 


318 




60 


1% 


100 




174 


3M» 


610. 




86 


4% 


408 




132 


3% 


495 


/ 


40 


8 


320 




20 


8: 


160 




37 


8 


296 




35 
60 


6 

6 


210 
360 


j 300 


32 


1 6 


192 
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CARNEQIB STEEL COMPANY 



STRENGTH OF MATERIALS 

Stresses per Square Inch 



Metals and Alloys 



Stresses in Thousands of Pounds 



Aluminum, cast 

" bai8,sheets 

" wire, hard 

" annealed 

" . 2--7%NLCu, Fe.etc.. 
Aluminum Bronze, 5% to 7H% Al . . 

10% Al.. 

Copper, cast 

plates, rods, bolts 

" wire, hard 

" wire, annealed 

Brass, 17% Zn 

" 23%" 

" 30% " 

" 39% " 

" 60% " 

" cast, common 

" wire, hard 

" annealed 

Bronse 8% Sn 

" 13% " 

" 20% " 

" 24% " 

" 30% " 

** sun metal, 9 Cu ISn 

*' Manganese, cast \10%Sn... 
rolled/ 2% Mn.. 

" Phosphorus, cast \9% Sn 

wire]l%P 

** SiUoon,cast,3%Si 

" " 5%Si 

" wire 

" Tobin,cast 1 38% Zn.. 

" rolled }l%%Sn.. 

" coldrolledj H%Pb.. 

Delta Metal, cast 155— 60%0u... 

" platesUs— 40%Zn.... 

" bars I 2— 4%Fe.... 

" wire J 1— 2%Sn.... 

German Silver, 25% Zn, 20% Ni. . . . 

Iron, see page 335 

Gold, cast 

" wire 

" copper, 6 Au, 1 Cu 

Lead, cast 

" pipe, wire 

" rolled sheets 

Platinum, wire, unannealed 

" annealed 

Silver, cast 

Steel, see page 335 

Tin, cast 

" antimony, 10 Sn, 1 Sb 

Zino, cast 

'* rolledsheetB 



'E3| 
HP 



15 
24-28 
30-65 
20-35 
40-50 

75 
85-100 

25 
32-35 
55-65 

36 

32.6 

28.1 

41.1 

31 
18-24 

80 

50 

28.5 

29.4 

33 

22 
5.6 
25-55 

60 
100 

50 
100 

55 

76 
108 

66 

80 
100 

45 

68 

85 
100 



20 
30 
60 

1.8 
2.2-2.5 

3.3 
63 
32 
40 

3.6-4.6 
11 
4-6 
7-16 



i: 



6.6 
12-14 
lft-30 
14 
26 
40 
60 

6 
10 

10 
8.2 
7.6 
8.6 
17.4 
17.9 
6 

16 
19 
20 

22 
6.6 
10 
30 
80 
24 



40 



1.5-1.8 
4 
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U 



1^ 



12 



120 

40 
32 



42 

76 

117 

30 



42 
63 

78 
114 
147 

126 



6 
18 



^3 
PQP 



22 



23.2 

22.3 

26.9 

39 

33.6 

20 



43.7 

34.6 

56.7 

32 

12.1 

52 



4 
7 



12 



30 



36 






11,000,000 



10,000,000 

18,000,000 
16,000,000 



9,000,000 

14,000,000 
10,000,000 



10.000,000 



4.500,000 



8,000,000 



1.000,000 

1,000,000 

720,000 



4.000,000 
13.000.000 






26.7 
35.8 
20.7 
20.7 
6.0 



5.5 

3.3 
0.04 





PHYSICAL PROPERTIES OP SUBSTANCES 



STRENGTH OF MATERIALS 
Stresses per Square Inch 



Metali and AU<^ 



Steel 

Structural Shapes, plates*.. . 



«« 

«4 




;e8. 



■hips. 
Boikr Pistes* 

- - flann.... 
•• *• firebox... 
** '* extra soft. 



faridns 

** baildiogB, ships. 

Bemfwoement Ban** 

** ftauctural, plain 

deformed. 

*' hard, plain 

" " defonned 

** ooki twisted 

Oaatings* 

"bridges 

" shipe 



soft, low carbon... 
" carDon,notannealed 

" annealed.. 

*' oUtempered 

" looomotiye 

" nickel, annealed. . . 

" oil tempered 
" axles, carbon steel . , 

" nickel 

Stael Alloys 

NickelSteel,3— l%Ni...., 

" shapes, plates 

** rivets 

Copper Steel, 0.5% Cu 

Steel Springs and Wire 

Springs, untempoed 

Wire, unannealed 

" annealed 

" bridge cable 

Wrought Iron 

Shapes 

Bars 

Wire, unannealed 

'• annealed 

Cast Iron 

Common 

Grav 

MaUeable 



Stresses in Thousands of Pounds 



iJ 



60 
55H» 
55H» 

5IH(5 
52-62 
45-M 

50 
48-58 

55-70 
55-70 
80min. 
80min. 



65 
60 

58 

75 

70-80 

80^90 

80 

80 

85-95 

80 

80 



80min. 

70-85 

60-68 



65-116 

120 

80 

200 

48 
50 
80 
60 

15-18 
18-24 
27-35 



yi tens. 



Htens. 



H tens. 



33 
33 
50 
50 
55 

H tens. 



29 

37.5 
85-40 
45-65 

40 
45-50 
55-65 

40 

50 



50min, 
45min. 
37-38 

40-70 
60 
40 
95 

26 
27 

27 

6 

16-20 



S 



P 



tensile 



tensile 



tensile 



It 
<< 

if 



tensile 



tenffile 

<« 

<• 
ii 
II 
It 
II 
II 
11 



tensile 
II 



tensile 
11 



80 
46 



S 



&B 



.i 



s 



Sp 




tensile 



tensile 



tensile 

« 



tensile 

<< 

(I 
It 
It 



tensile 
•I 



tensile 

!• 
II 
fl 
II 
II 
II 
II 
II 



tensile 



tensile 



30 

25-33 

30 



H tens. 



^tens. 



H tens. 



^ tens. 



% tens. 



H tens. 



« 
<t 
It 



ti 
11 
11 
ti 
•I 
It 
It 



% tens. 



5/6 tens 



18-20 
40 



29.000,000 
29,000,000 
29.000,000 

29,000,000 
29,000,000 
29,000.000 

29.000,000 
29,000.000 

29,000,000 
29,000,000 
29.000.000 
29.000,000 
29.000.000 



28,000,000 
28,000,000 
16,000,000 
26,000,000 

12,000,000 



a 

o 



)^ 



S 



25 
25-21 
27-23 

27-23 
2fr-24 
33-27 

30 
29-24 

25-20 
22-18 

15 

12.5 
5 

18 
18 

28 

18 
24-22 
23-20 

20 
24-25 
24-21 

20 

25 



20 
23-19 
23-29 



11 



28 

30 
30-35 
40-15 

25 
40-46 
46-60 

26 

46. 



48-53 



*See Specifications of the Society of Testing Materials, adopted August 16, 1909. 
'*See Specifications of the Association of American Manufacturers, adopted 1910. 



335 



CARNEQIB STEEL COMPANY 



STRENGTH OF MATERIALS 
Stresses in Pounds per Square Inch 



Building Materials 



Ultimate Average StresBee 



Compress. 



Tension 



Bending 



Modulus 

of 
Elasticity 



Safe Working Stresses 



Compress. 



Bearing 



Shearins 



Stone 

Bluestone 

Granite, gneiss — 
Limestone, marble. 

Sandstone 

Slate 



Brick 

Common, good 

" medium burned... 

" hard burned 

Pressed and paving 



Cement, Portland 

Neat, 28 days 

90 days 

1:3 sand, 28 days 

90 days. 



It 



Concretet P* C» 



1:1V^3, hard stone. 

soft stone.. 

" cinders 

1: 2 :4, hard stone. 
" soft stone.. 
" cinders.... 

1:2^:5, hard stone. 
" soft stone.. 
" cinders.... 

1: 3 :6, hard stone, 
soft stone., 
cinders. . . . 






liaoonry 

Qranite 

Limestone, bluestcme . . . . 

Sandstone 

Rubble 

" coursed 

Concrete, P. C, 1: 2 :4. . , 
" 1:2H:5... 

Brick, common 

" hard burned 



' Miflcellaneoos 

Qfaiss, common 

" flooring 

Plaster 

Terra cotta 

Ropes, cast steel hoisting . . 
standing, derrick . . . 

" manila 

Belts, solid woven, cotton. 
" " flax.... 



12.000 

12.000 

8,000 

5,000 

10,000 



10,000 

11,000 

15,000 

6,000 



7,040 
7,350 
1,290 
1,490 



2,650 

1,800 

700 

2,100 

1,500 

600 

1,700 

1,200 

500 

1,350 

1,000 

400 



30.000 

10,000 

700 

5,000 



1,200 

1,200 

800 

150 

3,000 



200 



2.500 
1.600 
1.500 
1.200 
5,000 



600 



7,000,000 
7,000,000 
7,000,000 
3,000,000 
14,000,000 



1,200 

1,200 

800 

500 

1,000 



1,200 

1,200 

800 

500 

1,000 



200 
200 
150 
150 
175 



740 
740 
320 
340 



Reinf oreed Concrete-^-Saf e Working Stresaes * 



Elastic Modulus' 



2,000,000 if ult. compression is up to 2 ,200. 
2,500,000 if ult. compression is over 2,200. 
.3,000,000 if ult. compression is over 2,900. 

nn,^...«nn;n» /22.5% of ult. compression on piers or 
Compression... I columns of lengths not exceeding 12 dia. 

•o •„ /32.5% of ult. comivession on surfaces of 

^«*™« 1 at least twice the loaded area. 

[2.0% of ult. compression^ horizontal bars. 

Shearing • 3.0%for reinforcement with bent-up bars. 

[6.0% for tiioroughly reinforced webs. 

n ^j /4% of ult. compression for plain bars. 

^°^ t2% for drawn wire. 



3.000 

3.000 

70 

80,000 

70,000 

8,000 

7,300 

9.900 















420 


600 






350 ^ 


500 






280 


MOO 






140 


250 






168 


250 






350 


600 






280 


500 






168 


300 






210 


3C0 


3.000 


8,000,000 






3,000 









For ultimate and working stresses of Structural Timber, see page 319. 
*For complete data, see Proceedings of the American Society of Gvil Engineers, Vol. XXXIX, 
No. 2, February, 1913. 
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PHYSICAL PROPERTIES OP SUBSTANCES 

EXPANSION OF BODIES BY HEAT 
The linesr coeffideat of expansion of a. body is the rate at which 
the unit of length changes, under constant pressure, with an increaee 
of unit or one degree of temperature; the square surface coefficient 
of expanaion is, approximately, two times, and the cubical or 
volumetric coefficient three times the linear coefficient of expansion. 
A bar, if not fixed, undei^oea a change in length=ltn, where 1 
B the length of the bar in inches, t the number of degrees, n the 
corresponding linear coefficient; if fixed at both ends, the internal 
stress per unit of area^tnE, pounds per square inch, where E is 
the modulus of elasticity, and the total temperature stress^AtnE, 
pounds, where A is the cross section of the bar in square inches. 

To find the increase of a bar due to an increase in temperature, 

from the table, multiply the lei^h of the bar by the increase in 

(rees and by the coefficient for 100 d^rees, and divide by 100. 



COBl 



OF E. 



I 100 DEaBBES^lOOn 






Expansion 


OP 


Water 


MaKimM 


I Dbnsitt 


=1 




c 


Voluma 


C 


Volume 


C 


Volume 


C° 


VolufflB 


|C° 


Volume 
lioZMOl 


■c= 


Volume 





1:SS 


s 


1.000257 
1.001732 


30 


i:o07627 


60 


iSmIm 


z 


IIDO 


i;«3iia 



CARNBQIE STEEL COMPANY 



EQUIVALENTS OF MEASURE 

Lengths 

1 meter, m=10 decimeters, dm = 100 centim.eters, cm = 1000 millimeters, mm. 
1 meter, m = 0.1 decameter, dkm= 0.01 hectometer, hm= 0.001 kUometer, km. 
1 meter, m= 39.37 inches, tJ. S. Standard =30.3701 13 inches, British Standard. 
1 millimeter, nmi = 1000 microns. /x= 0.03937 inch =39.37 mils. 



MetefB, 


Inches, 
in. 


Feet, 
ft 


Yard, 

yd. 


Rods, 
r. 


CSiaiDS, 
ch. 


Miles, U.S. 


Kilo- 


m 


Statute 


Nautical 


meters, 
km. 


1 


39.37 


3.28083 


1.09301 


0.19884 


0.04971 


0.S6214 


0.05396 


0.001 


0.02540 


1 


0.08333 


0.02778 


0.05051 


0.01263 


O.J 1578 


0.01371 


0.J254O 


0.30480 


12 


1 


0.33333 


0.06061 


0.01515 


0.S1894 


0.01645 


0.0 3048 


0.91440 


86 


3 


1 


0.18182 


0.04545 


0.$5682 


0.04934 


0.S9144 


5.02921 


198 


16.5 


5.5 


1 


0.25 


0.o3125 


0.82714 


0.05029 


20.1168 


792 


66 


22 


4 


1 


0.01250 


0.01085 


0.02012 


1609.35 


63360 


5280 


1760 


320 


80 


1 


0.86839 


1.60935 


1853.25 


2962.5 


6080.20 


2026.73 


368.497 


92.1243 


1.15155 


1 


1.85325 


1000 


39370 


3280.83 


1093.61 


198.838 


49.7096 


0.62137 


0.53959 


1 



1 yard, U. S. = 1.0000029 yards British 1 yard British = 0.9999971 yard U.S. 

1 chain, Gimter's = 100 links 1 link = 7.92 inches. 

1 cable length, U.S. = 120 fathoms = 960 spans = 720 feet = 219.457 meters. 

1 league, iT. S. = 3 statute miles = 24 furlongs. 

1 international geographical mile = Vis^ at equator = 7422 m 

=4.611808 U. S. statute miles. 
1 international nautical mile =%o° at meridian =1852 m 

=0.999326 U. S. nautical miles. 
1 U.S. nautical mile=^ of circumference of sphere whose surface equals 

that of the earth. 
1 British nautical mile ^6080 feet = 1.15152 statute miles = 1853.19 meters. 

Surfaces and Areas 

1 sq. meter, m^ = 100 sq. decimeters, dm^ = 10000 sq. centimeters, cm*. 
1 sq. meter, m3=0.01 are, a = 0.0001 hectare, ha. 
1 sq. millimeter, mm2=0.01 cm2= 0.00155 sq. inch = 1217.36 circ. mils. 
1 are, a= 1 sq. decameter, dkm= 0.0247104 acre. 



Sq. Meters, 


Sq. Inches, 
sq.in. 


Sq.Feet, 
sq.ft. 


Sq. Yards, 
sq.yd. 


Sq.Rods, 
sq. r. 


Acres, 
A 


Hectares, 
ha. 


Sq. Miles, 
Statute 


Sq.EUo- 

meters, 

km* 


1 


1560.00 


10.7639 


1.19599 


0.03954 


0.82471 


0.0001 


0.03861 


0.0 1 


0.06452 


1 


0.0 6944 


0.S7716 


0.02551 


0.01594 


0.06462 


0.82491 


0.06452 


0.09290 


144 


1 


0.11111 


0.03673 


0.J2296 


0.09290 


0.53587 


0.09290 


0.83613 


1296 


9 


1 


0.03306 


O.S2O66 


0.J8361 
0.52529 


0.S3228 


0.S8361 


25.2930 


39204 


272.25 


30.25 


1 


0.00625 


0.S9766 


0.^2529 


4046.87 


6272640 


43560 


4840 


160 


1 


0.40469 


O.Sl563 


0.04047 


10000 


15499969 


107639 


11959.9 


395.366 


2.47104 


1 


0.S3861 


0.01 


2589999 




27878400 


3097600 


102400 


640 


269.000 


1 


2.59000 


1000000 




10763867 


1196985 


39536.6 


247.104 


100 


0.38610l 


1 



1 sq. rod, sq. pole, or sq. perch =625 sq. links =:^i6o acre. 

1 sq. chain, Gunter's=16 sq. rods=yio acre. 

1 acre = 4 sq. roods = 160 sq. rods. Square of 1 acre = 208.7103 feet square. 

Notations o» o> 0, etc.. indicate that the ot ot o. etc., are to be replaced by 
2, 3, 4, etc., ciphers. 

E XAM PLE— 1 sq. rod = O.o9766 = 0.000009766 sq. miles. 
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MEASURES AND WEIGHTS 



EQUIVALENTS OF MEASURE 
Volume and Capacity 

1 cu. meter, m> = 1000 cu. decimeter, dms = 1000000 cu. centimeters, cm>. 
1 liter, 1=10 deciliters, dl=:ioo centiliters, cl = 1000 milliliters, ml 

= 1000 cu. centimeters, cm*, or oc. 
1 liter, 1 = 0.1 decaliter, dkl = 0.01 hectoliter, hl = l cu. decimeter, dm*. 



Cubic 


Cubic 
Inches, 


Cubic 
Feet, 


Cubic 
Yaidfl, 


U. S. Quarts 


U. S. Galloiui 


U.S. 


Decimeter, 










Busheta, 


dms, 1 


ou.in. 


cu.ft. 


ou. yd. 


Liquid, 
1. qt. 


Dry, 
d. qt. 


liquid, 
f.gal. 


^^. 


bu. 


1 


61.0234 


0.03531 


0.0130S 


1.05668 


0.90808 


0.^6417 
0.04329 


0.22702 


0.02838 


O.01639 


1 


0.05787 


0.02143 


0.01732 


0.01488 


0.33720 


0.S4650 


28.3170 


1728 


1 


0.03704 


29.9221 


25.7140 


7.48055 


6.42861 


0.80366 


764.559 


46656 


27 


1 


807.896 


694.279 


201.974 


173.670 


21.6962 


0.94636 


67.76 


0.03342 


0.S1238 


1 


0.85937 


0.26 


0.21484 


0.02686 


1.10123 


67.2006 


0.03889 


0.01440 


1.16366 


1 


0.29091 


0.25 


0.03125 


3.78543 


231 


0.13368 


0.84951 


4 


3.43747 


1 


0.85937 


0.10742 


4.40492 


268.803 


0.15556 


0.05761 


4.66460 


4 


1.16365 


1 


0.125 


35.2393 


2150.42 


1.24446 


0.04609 


37.2368 


32 


9.30920 


8 


1 



U. S. Dry Measure: 1 bushel = 4 pecks =8 gallons = 32 quarts =: 64 pints. 

U. S. Ldquid Measure: 1 gallon =4 quarts =8 pints =32 gills =128 mitd ounces. 

U.S. Apoth. Measure: 1 fl. ounce, fS =8 A- drams, f5=480 minims, rri 

= 29.574 cu. cm«. 
British Imperial gaUon dry and liquid measure = 1.03202 U. S. dry gal. 

= 1.20001 U. S. Uquid gal. 
British Imperial gallon = 277.410 cu. in. = 4545.0031 cm>. 

Weight of wator at maximum density, 4°C, 45° Lat., and sea level. 
1 cu. ft. = 62.4283 lbs. av. = 28.3170 kg 1 cu. In. =0.57804 oz. av. = 16.3872 g. 
1 gal.. U. S. liquid = 8.34545 lbs. =3.78543 kg. 
1 gal., British Imperial = 10.0221 lbs. =4.5450631 kg. 

Masses and Wbiohts 

1 gram, g=B 10 decigrams, dg = 100 centigrams, cff=1000 milligrams, mg. 
1 gnun, g = 0.1 decagram, dii^=0.01 hectogram, ng= 0.001 kilogram, kg. 
1 kilogram, kg = 1 cu. decimeter of water or liter, 4°C, 45** Lat. and sea level 
= 15432.35630 grains. U. S. and British Standard. 



Kilo- 


Graina, 
gr. 


Ounces 


Pounds 


Tons 


grams, 
1«. 


Troy, 
OS. t. 


Avoir, 
oa. av. 


Ttey. 
lb. t. 


Avoir, 
lb.av. 


Net, 

Short, 

2000 Iba. 


GroBB, 
224oTfc. 


Metric, 
1000 kg. 


1 
0.S6480 
0.03110 
0.02835 
0.37324 
0.45359 
907.185 
1016.05 
1000 


15432.4 

1 

480 

437.6 

6760 

7000 

14000000 

15680000 

15432356 


32.1507 
0.02083 

1 
0.91146 

12 
14.5833 
29166.7 
32666.7 
32150.7 


35.2740 
0.S2286 
1.09714 

1 
13.1657 

16 

32000 

35840 

35274.0 


2.67923 
O.Sl736 
0.08333 
0.07595 

1 
1.21528 
2430.56 
2722.22 
2679.23 


2.20462 

0.01429 

0.06857 

0.06250 

0.82286 

1 

2000 

2240 

2204.62 


O.0IIO2 
0.07143 
0.^3429 
O.J 3 125 
0.o4114 
0.00050 
1 
1.12 
1.10231 


0.09842 
0.0 6378 
O.J3O6I 
0.02790 
0.83674 
0.04464 
0.89286 

1 
0.98421 


0.001 
0.^6480 
0.o3110 
0.02835 
0.|3732 
0.S4536 
0.90719 
1.01606 
1 



1 ounce avoir. = 16 drams, avoir. 1 oimce troy = 20 pennyweight, dwt. 
1 ounce apoth., 5=8 drams, 3=24 scruples, 9 =480 grains, gr = 31.1035 g. 
1 hundredweight =1/20 long ton =4 quarters =8 stone =112 lbs. =50.8024 kg. 

Notations 0. o* o> etc., indicate that the §> o> o> etc.. are to be replaced by 
2, 3, 4. etc., ciphers. 

Example— 1 grain = O.o2083 = 0.002083 oz. t. 1 grain =0.o6480= 0.00006480 kg. 
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EQUIVALENTS OF MEASURE 

Forces or Weights per Units op Length, Linear Weights 

1 dyne per centimeter = 0.00101979 g/cm = 0.000183719 poundal/in. 
1 gram per centimeter = 980.5966 dynes/cm =3 0.180154 poundal/in. 
1 poundal per inch = 5443.11 dynes/cm = 5.55081 g/cm = 0.0310832 poimd/in. 



Grams 














Gross 

Tons, 

2240 Ibe., 

per Mile 


Metric 


Oxi- 


Grains 


Pounds 


Pounds 


Pounds 


Kilograms 


Net Tons, 


Tons, 


per Inch, 


per Inch, 


per Foot, 


per Yard, 


per Meter, 


2000 Ibe., 


1000 kg. 


meter 


gr./m. 


lb./in. 


lb./£t. 


lb./yd. 


kg/m 


per Mile 


per 


g/cm 














Kilometer 


1 


39.1983 


0.05600 


0.06720 


0.20159 


0.10 


0.17740 


0.15839 


0.10 


0.02551 


1 


0.01429 


0.01714 


0.05143 


0.02551 


0.04526 


0.04041 


0.02551 


178.679 


7000 


1 


12 


36 


17.8579 


31.6800 


28.2857 


17.8579 


14.8816 


583.333 


0.08333 


1 


3 


1.48816 


2.64000 


2.35714 


1.48816 


4.96054 


194.444 


0.02778 


0.33333 


1 


0.49605 


0.88000 


0.78571 


0.49605 


10 


391.983 


0.05600 


0.67197 


2.01591 


1 


1.77400 


1.58393 


1 


5.63698 


220.960 


0.03157 


0.37879 


1.13636 


0.56370 


1 


0.89286 


0.56370 


6.31342 


247.475 


0.03535 


0.42424 


1.27273 


0.63134 


1.12 


1 


0.63134 


10 


391.983 


0.05600 


0.67197 


2.01591 


1 


1.77400 


1.58393 


1 



Forces or Weights per Units of Area, Pressure 

1 dynepersq. centimeter =0.00101979 g/cm^ =0.000466646 poundals/ina. 

1 gram per sq. centimeter= 980.5966 dynes/cm^ =0.457592 poundals/in^. 

1 poundal persq. inch =2142.95 dynes/cma= 2.18536 g/cma =0.0310832 poimd/ln«. 



Kilograms 

per 
Sq. Centi- 
meter, 

kg/cm» 


Pounds 

per 

Sq. Inch, 

lb./in.2 


Pounds 

per 

Sq. Foot, 

lb./ft.2 


Net Tons, 
2000 lbs. 

per 
Sq.Foot 


Atmos- 
pheres, 
Standard, 
760 mm 


Columns of Mercury, 
Hg. 13.59593 Sp. G. 


Columns of Water, 
Max. Density 4'' C 


Milli- 
meters 


Inches 


Meters 


Feet 


1 
0.07031 
0.04882 
0.97648 
1.03329 
0.gl360 
0.03453 

0.10 
0.03048 


14.2234 

1 
0.06944 
13.8889 
14.6969 

0.01934 
0.49119 
1.42234 
0.43353 


2048.17 
144 

1 

2000 

2116.35 

2.78468 
70.7310 
204.817 
62.4283 


1.02408 
0.07200 
0.00050 

1 
1.05818 
1.01392 
0.03637 
0.10241 
0.03121 


0.96778 
0.06804 
0.o4725 
0.94602 

1 
0.0 1316 
0.03342 
0.09678 
0.02950 


735.514 
51.7116 

0.35911 
718.216 
760" 

1 
25.4001 
73.5514 
22.4186 


28.9572 
2.03588 
0.01414 
28.2762 
29.9212 
0.03937 

1 
2.89572 
0.88262 


10 
0.70307 
0.04882 
9.76482 
10.3329 
0.01360 
0.34534 

1 
0.30480 


32.8083 
2.30665 
0.01602 
32.0367 • 
33.9006 
0.04461 
1.13299 
3.28083 
1 



Forces or Weights per Units of Volume, Density 

1 dyne per cu. centimeter =0.00101979 gram/cms =0.00118528 pounda]s/in>. 
1 gram per cu. centimeter =980.5966 dynes/cm* = 1.162283 poundals/in^. 
1 poundal per cu. inch =843.683 dynes/cm8=0.860378g/cm« =0.0310832 pound/ins. 



Grams 
per 
Cu. Centi- 
meter, 
g/cm8 



Pounds 

per 

Cu. Inch, 

lb./in.« 



Pounds 

pa 

Cu, Foot, 

lb./ft.8 



Pounds 

per 

Cu.Yard, 

lb./yd.8 



Kilograms 

per 
Cu.Meter, 

kg/m« 



Pounds 

per 

Bushel, 

U. S. 



Pounds 

per 
Gallon, 

Dry, 

U.S. 



Pounds 

per 

Gallon, 

Liquid, 

U. S. 



Kilograms 

per 
Hectoliter, 

kg/hi 



27.6797 
0.01602 
0.05933 

0.001 

0.01287 

0.10297 

0.11983 

0.01 



0.03613 

1 
0.05787 
0.02143 
0.$3613 
0.o4650 
0.03720 
0.04329 
0.o3613 



62.4283 
1728 
1 
0.03704 
0.06243 
0.80356 
6.42851 
7.48052 
0.62428 



1685.56 

46656 

27 

1 

1.68556 

21.6962 

173.670 

201.974 

16.8557 



1000 
27679.7 
16.0184 
0.69327 

1 

12.8718 

102.974 

119.826 

10 



77.6893 
2150.42 
1.24446 
0.04609 
0.07769 

1 

8 
9.30920 
0.77689 



9.71116 
268.803 
0.15556 
0.05762 
0.09711 
0.125 
1 
1.16365 
0.09711 



34545 

231 

13368 

o4951 

08345 

10742 

86937 

1 
08345 



100 
2767.97 
1.60184 
0.05933 

0.10 

1.28718 

10.2974 

11.9826 

1 



Notations O} 07 07 etc., indicate that the §> h o> etc. 
2, 3, 4, etc. ciphers. Exam pli}— 1 kg/ms = 0.^3613 = 



are to 
0.00003613 



be replaced by 
lb./iu«. 
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MEASURES AND WEIGHTS 



EQUIVALENTS OF MEASURE 

Enebgy, Wobk, Heat 

1 dyne-06iitimeter=si erg =0.00101979 gram-centimeter =0.o737612 foot-poimd. 
1 grain-centlmeter= 980.5966 ergs=0.o7233 fcx)t-pound. 
1 foot-pound =» 13557300 ergs= 13825.5 gram-centimeters. 



Kiiogram- 

meters, 

kg-m 



0.13826 

273746 

270000 

360000 

367123 

0.10198 

107.677 

426.900 



Foot- 
Pounds, 
ft.-Ib8. 



7.23300 

1 
1980000 
1962910 
2603880 
2666403 

0.73761 
778.104 
3087.77 



Horsepower-hour 



U. 8., 
H. P.-h 



0.03663 
0.06061 

1 
0.98632 
1.31609 
1.34111 

0.03726 
O.o3930 
0.01669 



Metric, 
75kg-m-h 



0.03704 
O.06I2I 

1.01387 

1 
1.33333 
1.36972 
0.03777 
0.03984 
0.01581 



Poncelet- 

hours, 
lOOkg-m-h 



0.82778 
0.03840 
0.76040 
0.76 
1 
1.01979 
0.02833 
0.02988 
0.0 1186 



Kilowatt- 
hours, 
kw-h 



0.82724 
0.03766 
0.74666 
0.73646 
0.98060 

1 
0.o2778 
0.02930 
0.01163 



Joules, 
107 ergs, 



9.80697 

1.36673 

2684340 

2647610 

3630147 

3600000 

1 
1064.90 
4186.17 



Thermal Units 



B. T. U. 
b. t. u. 



0.09296 
0.0 1286 
2644.66 
2609.83 
3346.44 
3412.66 

0.09480 

1 
3.96832 



Calorie, 
kg-cal 



0.02342 
0.03239 
641.240 
632.467 
843.289 
869.976 
0.0 2389 
0.26200 
1 



Power, Rate or Energy and Heat 

1 erg per sec.=l dyne-cm/sec.=0.00101979 gram-cm/sec. =0.o737612 foot-pounds/sec. 
1 gram-centimeter per second =980.5966 ergs/sec. =0.o7238 foot-poimds/sec. 
1 foot-pound per second =13557300 ergs/sec =13825.5 gram-cm/sec. 



Kilogram- 
meters 

per 
Second, 
kg-m/s 



0.13826 
76.0404 
76 
100 
101.979 
0.10198 
107.677 
426.900 



Foot- 
pounds 

per 
Second, 
ft.-lbe./s 



7.23300 
1 
660 
642.476 
723.300 
737.612 
0.73761 
778.104 
3087.77 



H(»8epower 



U. S., 
550 

ft.-Ib6./B 



0.01316 
0.0 1818 

1 
0.98632 
1.31509 
1.34111 
0.01341 
1.41474 
6.61412 



Metric, 

75 
kg-m/s 



0.01333 
0.01843 
1.01387 

1 
1.33333 
1.36972 

0.01360 
1.43436 
6.69200 



Poncelet, 

100 
kg-m/s 



0.01 
0.01383 
0.76040 

0.76 
1 
1.01979 
0.0 1020 
1.07677 
4.26900 



Kilowatt, 
kw. 



0.09806 
0.01366 
0.74566 
0.73546 
0.98060 
1 
0.001 
1.06490 
4.18617 



Watts, 
lOTergs/s 



9.80597 
1.36673 
746.650 
735.448 
980.697 
1000 
1 
1064.90 
4186.17 



Thermal Units 
per Sec. 



B.T.U. 
btu/s 



0.09296 
0.01285 
0.70686 
0.69718 
0.92967 
0.94796 

0.S9480 

1 
3.96832 



Calorie 
kg-cal/s 



0.02342 

0.03237 
0.17812 
0.17569 
0.23426 
0.23888 
0.0 2389 
0.25200 
1 



Velocities and Accelerations 

1 kine=:l centimeter per second =0.0328083 foot per second. 

1 radian per second =i 57.2958 degrees per sec. =0.159155 revolutions per sec. 

1 gravity =980. 5966 centimeters per sec, per sec.=32.1717 feet per sec. per sec. 



Meters 


Feet 


Miles 
per Hour, 

M/h 


Knots 
per Hour, 

U.S. 


KUo- 


Meter 


Feet 


Miles 


Kilometer 


per 

Second, 


per 
Second, 


meters 
Hour, 


per 
sec/sec 


per 

DcC/86C 


per 

hour/sec 


per 
hour/sec 


m/s 


ft./s 


km/h 


m/s2 


ftVaa 


M/h-8 


km^-s 


1 


3.28083 


2.23693 


1.94264 


3.6 










0.30480 


1 


0.68182 


0.69209 


1.09728 










0.44704 


1.46667 


1 


0.86839 


1.60935 










0.51479 


1.68894 


1.15156 


1 


1.85326 










0.27778 


0.91134 


0.62137 


0.53969 


1 


1 
0.30480 
0.44704 
0.27778 


3.28083 

1 
1.46667 
0.91134 


2.23693 
0.68182 

1 
0.62137 


3.6 
1.09728 
1.60936 

1 


Notations 0, o» o» etc.. Indicate that the at o» 0, etc., are to be replaced by 


2, 3, 4, etc., ciphers. Example— 1 Calorie =0.o 1163 =0.001 163 kilowatt-hours. 
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CARNBQIE STEEL COMPANY 



METRIC CONVERSION TABLES 
Inches to Centimetebs — 1 in.=2.640005 cm 








1 


2 


3 


4 


5 


6 


7 


8 


9 







2.540 


5.080 


7.620 


10.160 


12.700 


15.240 


17.780 


20.320 


22.860 


1 


25.400 


27.940 


30.480 


33.020 


35.560 


38.100 


40.640 


43.180 


45.720 


48.260 


2 


50.800 


53.340 


55.880 


58.420 


60.960 


63.500 


66.040 


68.580 


71.120 


73.660 


3 


76.200 


78.740 


81.280 


83.820 


86.360 


88.900 


91.440 


93.980 


96.520 


99.060 


4 


101.600 


104.140 


106.680 


109.220 


111.760 


114.300 


116.840 


119.380 


121.920 


124.460 


5 


127.000 


129.540 


132.080 


134.620 


137.160 


139.700 


142.240 


144.780 


147.320 


149.860 


6 


152.400 


154.940 


157.480 


160.020 


162.560 


165.100 


167.640 


170.180 


172.720 


175.260 


7 


177.800 


180.340 


182.880 


185.420 


187.960 


190.500 


193.040 


195.580 


198.120 


200.660 


8 


203.200 


205.740 


208.280 210.820 


213.360 


215.900 


218.440 


220.980 


223.520 


226.060 


9 


228.600 


231.140 


233.680 236.220 


238.760 


241.300 


243.840 


246.380 


248.920 


251.460 





Inches^ to Centimetebs^- 


— 1 in. 


2=6.461625 Cm^ 




^ 





1 


2 


3 


4 


5 


6 


7 


8 







1 
2 
3 
4 
5 
6 
7 
8 
9 


64iil6 
129.033 
193.549 
258.065 
•322.581 
387.098 
451.614 
516.130 
580.646 


6.452 
70.968 
135).484 
200.000 
264.517 
329.033 
393.549 
458.065 
522.582 
587.098 


12.903 
77.420 
141.936 
206.452 
270.968 
335.485 
400.001 
464.517 
529.033 
593.550 


19.355 
83.871 
148.387 
212.904 
277.420 
341.936 
406.452 
470.960 
535.485 
600.001 


25.807 
90.323 
154.839 
219.355 
283.872 
348.388 
412.904 
477.420 
541.937 
606.453 


32.258 
96.774 
161.291 
225.807 
290.323 
354.830 
419.356 
483.872 
548.388 
612.904 


38.710 
103.226 
167.742 
232.259 
296.775 
861.291 
425.807 
490.324 
554.840 
619.356 


45.161 
109.678 
174.194 
238.710 
303.226 
367.743 
432.259 
496.775 
561.291 
625.808 


51.613 
116.129 
180.646 
245.162 
309.678 
374.194 
438.711 
503.227 
567.743 
632.259 


58.065 
122.5&1 
187.097 
251.613 
316.130 
380.646 
445.162 
509.678 
574.195 
638.711 





Inches^ to Centime ters^ 

k 


— 1 in. 


8=16.38716 cm8 




^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 







16.39 


32.77 


49.16 


65.55 


81.94 


98.32 


114.71 


131.10 


147.48 


1 


163.87 


180.26 


196.65 


213.03 


229.42 


245.81 


262.19 


278.58 


294.97 


311.36 


2 


327.74 


344.13 


360.52 


376.90 


393.29 


409.68 


426.07 


442.45 


458.84 


475.23 


3 


491.61 


508.00 


524.39 


640.78 


657.16 


673.55 


689.94 


606.32 


622.71 


639.10 


4 


655.49 


671.87 


688.26 


704.65 


721.04 


737.42 


753.81 


770.20 


786.58 


802.97 


5 


819.36 


835.75 


852.13 


868.52 


884.91 


901.29 


917.68 


034.07 


950.46 


066.84 


6 


983.23 


999.62 


1016.00 


1032.39 


1048.78 


1066.17 


1081.56 


1097.94 


1114.33 


1130.71 


. 7 


1147.10 


1163.49 


1179.88 


1196.26 


1212.65 


1229.04 


1245.42 


1261.81 


1278.20 


1294.69 


8 


1310.97 


1327.36 


1343.75 


1360.13 


1376.52 


1392.91 


1409.30 


1425.68 


1442.07 


1458.46 


9 


1474.84 


1491.23 


1507.62 


1524.01 


1540.39 


1556.78 


1573.17 


1589.55 


1605.94 


1622.33 





Inches* to Centimetebs*- 


— 1 in. 


*=41. 62347 cm* 




w 





1 


2 


8 


4 


6 


6 


7 


8 







1 

2 
3 

4 
5 
6 

7 
8 
9 


416.23 
832.47 
1248.70 
1664.94 
2081.17 
2497.41 
2913.64 
3329.88 
3746.11 


41.62 
457.86 
874.09 
1290.33 
1706.56 
2122.80 
2539.03 
2955.27 
3371.50 
3787.74 


83.25 
499.48 
915.72 
1^31.95 
1748.19 
2164.42 
2580.66 
2996.89 
3413.12 
3829.36 


124.87 
641.11 
957.34 
1373.57 
1789.81 
2206.04 
2622.28 
3038.51 
3454.76 
3870.98 


166.49 
682.73 
098.96 
1415.20 
1831.43 
2247.67 
2663.90 
3080.14 
3496.37 
3912.61 


208.12 
624.35 
1040.59 
1456.82 
1873.06 
2289.29 
2705.53 
3121.76 
3537.99 
3964.23 


249.74 
665.98 
1082.21 
1498.44 
1914.68 
2330.91 
2747.15 
3163.38 
3579.62 
3906.86 


291.36 
707.60 
1123.83 
1540.07 
1956.30 
2372.64 
2788.77 
3205.01 
3621.24 
4037.48 


332.99 
749.22 
1165.46 
1581.69 
1997.93 
2414.16 
2830.40 
3246.63 
3662.87 
4079.10 


374.61 
700.85 
1207.08 
1623.32 
2039.56 
2455.78 
2872.02 
3288.26 
3704.40 
4120.72 
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MEASURES AND WEIGHTS 



METRIC CONVERSION TABLES 
Centimeters to Inches — 1 cm=o.3937 in. 



^ 





1 


2 


3 


4 


6 


6 


7 


8 


9 







0.3937 


0.7874 


1.1811 


1.5748 


1.9686 


2.3622 


2.7669 


3.1496 


3.6433 


1 


3.9370 


4.3307 


4.7244 


5.1181 


5.6118 


6.9066 


6.2992 


6.6929 


7.0866 


7.4803 


2 


7.8740 


8.2677 


8.6614 


9.0661 


9.4488 


9.8426 


10.2362 


10.6299 


11.0236 


11.4173 


3 


11.8110 


12.2047 


12.5984 


12.9921 


13.3868 


13.7796 


14.1732 


14.6669 


14.9606 


15.3543 


4 


15.7480 


16.1417 


16.5364 


16.9291 


17.3228 


17.7166 


18.1102 


18.5039 


18.8976 


19.2913 


6 


19.6860 


20.0787 


20.4724 


20.8661 


21.2598 


21.6536 


22.0472 


22.4409 


22.8346 


23.2283 


6 


23.6220 


24.0157 


24.4094 


24.8031 


26.1968 


26.5905 


26.9842 


26.3779 


26.7716 


27.1663 


7 


27.5690 


27.9627 


28.3464 


28.7401 


29.1338 


29.5276 


29.9212 


30.3140 


30.7086 


31.1023 


8 


31.4960 


31.8897 


32.2834 


32.6771 


33.0708 


33.4646 


33.8582 


34.2519 


34.6466 


36.0393 





36.4330 


35.8267 


36.2204 


36.6141 


37.0078 


37.4016 


37.7952 


38.1889 


38.6826 


38.9763 





Centimeters^ to Inches*- 


-1 cm2=0. 16499969 in.*. 




^ 





1 


2 


3 


4 


6 


6 


7 


8 


9 







0.1550 


0.3100 


0.4650 


0.6200 


0.7760 


0.9300 


1.0850 


1.2400 


1.3960 


1 


1.6500 


1.7050 


1.8600 


2.0150 


2.1700 


2.3260 


2.4800 


2.6360 


2.7900 


2.9450 


2 


3.1000 


3.2550 


3.4100 


3.6660 


3.7200 


3.8750 


4.0300 


4.1860 


4.3400 


4.4960 


3 


4.6600 


4.8050 


4.9600 


6.1150 


6.2700 


5.4260 


5.5800 


6.7350 


5.8900 


6.0450 


4 


6J2000 


6.3650 


6.5100 


6.6650 


6.8200 


6.9750 


7.1300 


7.2860 


7.4400 


7.6950 


6 


7.7600 


7.9050 


8.0600 


8.2160 


8.3700 


8.5260 


8.6800 


8.8360 


8.9900 


9.1460 


6 


9.3000 


9.4550 


9.6100 


9.7650 


9.9200 


10.0750 


10.2300 


10.3860 


10.5400 


10.6960 


7 


10.8500 


11.0050 


11.1600 


11.3160 


11.4700 


11.6250 


11.7800 


11.9350 


12.0900 


12.2460 


8 


12.4000 


12.6660 


12.7100 


12.8660 


13.0200 


13.1750 


13.3300 


13.4850 


13.6400 


13.7950 


9 


13.9500 


14.1060 


14.2600 


14.4150 


14.5700 


14.7250 


14.8800 


15.0350 


15.1000 


15.3450 





Centime tbrs^ ■ 


ro Inches^- 


— 1 cm8=o.06i0234in.8. 




^ 





1 


2 


3 


4 


6 


6 


7 


8 


9 







0.06102 


0.12205 


0.18307 


0.24409 


0.30612 


0.36614 


0.42716 


0.48819 


0.64921 


1 


0.61023 


0.67126 


0.73228 


0.79330 


0.85433 


0.91636 


0.97637 


1.03740 


1.09842 


1.15944 


2 


1.22047 


1.28149 


1.34251 


1.40364 


1.46456 


1.62669 


1.68661 


1.64763 


1.70866 


1.76968 


3 


1.83070 


1.89173 


1.95276 


2.01377 


2.07480 


2.13582 


2.19684 


2.26787 


2.31889 


2.37991 


4 


2.44094 


2.60196 


2.56298 


2.62401 


2.68503 


2.74605 


2.80708 


2.86810 


2.92912 


2.99015 


5 


3.05117 


3.11219 


3.17322 


3.23424 


3.29626 


3.35629 


3.41731 


3.47833 


3.53936 


3.60038 


6 


3.66140 


3.72243 


3.78346 


3.84447 


3.90560 


3.96662 


4.02764 


4.08857 


4.14959 


4.21061 


7 


4.27164 


4.33266 


4.39368 


4.46471 


4.51673 


4.67675 


4.63778 


4.69880 


4.75983 


4.82085 


8 


4.88187 


4.94290 


5.00392 


6.06494 


6.12597 


6.18699 


5.24801 


6.30904 


6.37006 


6.43108 


9 


5.49211 


6.56313 


6.61416 


6.67618 


6.73620 


6.79722 


6.85825 


6.91927 


6.98029 


6.04132 



Centimeters* to Inches* — 1 cm*==0.0240249 in.*. 






1 

2 
3 
4 
5 
6 
7 
8 
9 







0.24025 
0.48060 
0.72075 
0.96100 
1.20125 
1.44149 
1.68174 
1.92199 
2.16224 



1 



0.02402 
0.26427 
0.60462 
0.74477 
0.98602 
1.22527 
1.46652 
1.70677 
1.94602 
2.18627 



0.04805 
0.28830 
0.52855 
0.76880 
1.00905 
1.24930 
1.48954 
1.72979 
1.97004 
2.21029 



0.07207 
0.31232 
0.65257 
0.79282 
1.03307 
1.27332 
1.61367 
1.75382 
1.99407 
2.23432 



0.09610 
0.33635 
0.57660 
0.81685 
1.05710 
1.29734 
1.53759 
1.77784 
2.01809 
2.25834 



0.12012 
0.36037 
0.60C62 
0.84087 
1.08112 
1.32137 
1.56162 
1.80187 
2.04212 
2.28237 



6 



0.14416 
0.38440 
0.62465 
0.86490 
1.10516 
1.34639 
1.68664 
1.82589 
2.06614 
2.30639 



0.16817 
0.40842 
0.64867 
0.88892 
1.12917 
1.36942 
1.60967 
1.84992 
2.09017 
2.33042 



8 



0.19220 
0.43246 
0.67270 
0.91295 
1.15320 
1.39344 
1.63369 
1.87394 
2.11419 
2.36444 



9 



0.21622 
0.45647 
0.69672 
0.93697 
1.17722 
1.41747 
1.65772 
1.89797 
2.13822 
2.37847 
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CARNEQIB STEEL COMPANY 



METRIC CONVERSION TABLES 
Feet to Metebs — 1 ft .=0.3048006 m 



^ 





t 


2 


3 


4 


5 


6 


7 


8 


9 







0.3048 


0.6096 


0.9144 


1.2192 


1.5240 


1.8288 


2.1336 


2.4384 


2.7432 


1 


3.0480 


3.3528 


3.6576 


3.9624 


4.2672 


4.5720 


4.8768 


5.1816 


5.4864 


5.7912 


2 


6.0960 


6.4008 


6.7056 


7.0104 


7.3152 


7.6200 


7.9248 


8.2296 


8.5344 


8.8302 


3 


9.1440 


9.4488 


9.7536 


10.0584 


10.3632 


10.6680 


10.9728 


11.2776 


11.5824 


11.8872 


4 


12.1920 


12.4968 


12.8016 


13.1064 


13.4112 


13.7160 


14.0208 


14.3256 


14.6304 


14.9352 


6 


15.2400 


15.5448 


15,8496 


16.1544 


16.4592 


16.7640 


17.0688 


17.3736 


17.6784 


17.9832 


6 


18.2880 


18.5928 


18.8976 


19.2024 


19.5072 


19.8120 


20.1168 


20.4216 


20.7264 


21.0312 


• 7 


21.3360 


21.6408 


21.9456 


22.2504 


22.5552 


22.8600 


23.1648 


23.4696 


23.7744 


24.0792 


8 


24.3840 


24.6888 


24.9936 


25.2984 


25.6033 


25.9081 


26.2129 


26.5177 


26.8225 


27.1273 


9 


27.4321 


27.7369 


28.0417 28.3465 


28.6513 


28.9561 


29.2609 


29.5657 


29.8705 


30.1753 



Pounds peb Foot to Kilogbams peb Meteb — 1 lb./ft.=i .488161 kg/m 








1 


2 


3 


4 


5 


6 


7 


8 


9 







1.488 


2.978 


4.464 


5.953 


7.441 


8.929 


10.417 


11.905 


13.393 


1 


14.882 


16.370 


17.858 


19.346 


20.834 


22.322 


23.811 


26.299 


26.787 


28.275 


2 


29.763 


31.251 


32.740 


34.228 


35.716 


37.204 


38.692 


40.180 


41.669 


43.157 


3 


44.645 


46.133 


47.621 


49.109 


50.597 


52.086 


53.574 


55.062 


56.550 


58.038 


4 


59.526 


61.015 


62.503 


63.991 


65 479 


66.967 


68.455 


69.944 


71.432 


72.920 


5 


74.408 


75.896 


77.384 


78.873 


80.361 


81.849 


83.337 


84.825 


86.313 


87.802 


6 


89.290 


90.778 


92.266 


93.754 


95.242 


96.730 


98.219 


99.707 


101.195 


102.683 


7 


104.171 


105.659 


107.148 


108.636 


110.124 


111.612 


113.100 


114.588 


116.077 


117.565 


8 


119.053 


120.541 


122.029 


123.517 


125.006 


126.494 


127.982 


129.470 


130.958 


132.446 


9 


133.934 


135.423 


136.911 


138.399 


139.887 


141.375 


142.863 


144.352 


145.840 


147.328 



Pounds peb Sq. Inch to Kg. peb Sq. Cm. — 1 lb./in.2=o.0703067kg/cm2 



^ 





1 

• 


2 


3 


4 


5 


6 


7 


8 


9 







0.07031 


0.14061 


0.21092 


0.28123 


0.35153 


0.42184 


0.49215 


0.56245 


0.63276 


1 


0.70307 


0.77337 


0.84368 


0.91399 


0.98429 


1.05460 


1.12491 


1.19521 


1.26552 


1.33583 


2 


1.40613 


1.47644 


1.54675 


1.61705 


1.68736 


1.75767 


1.82797 


1.89828 


1.96859 


2.03889 


3 


2.10920 


2.17951 


2.24981 


2.32012 


2.39043 


2.46073 


2.53104 


2.60135 


2.67165 


2.74196 


4 


2.81227 


2.88257 


2.95288 


3.02319 


3.09349 


3.16380 


3.23411 


3.30441 


3.37472 


3.44503 


5 


3.51534 


3.58564 


3.65595 


3.72626 


3.79656 


3.86687 


3.93718 


4.00748 


4.07779 


4.14810 


6 


4.21840 


4.28871 


4.35902 


4.42932 


4.49963 


4.56994 


4.64024 


4.71055 


4.78086 


4.85116 


7 


4.92147 


4.99178 


5.06208 


5.13239 


5.20270 


5.27300 


5.34331 


5.41362 


5.48392 


5.55423 


8 


5.62454 


5.69484 


5.76515 


5.83546 


5.90576 


5.97607 


6.04638 


6.11668 


6.18699 


6.25730 


9 


6.32760 


6.39791 


6.46822 


6.53852 


6.60883 


6.67914 


6.74944 


6.81975 


6.89006 


6.96036 



Inch-Pounds to Kilogbam-Centimetebs — 1 in-lb.=i. 152127 kg-cm 



^ 





I 


2 


3 


4 


5 


6 


7 


8 


9 







1.152 


2.304 


3.456 


4.609 


5.761 


6.913 


8.065 


9.217 


10.369 


1 


11.521 


12.673 


13.826 


14.978 


16.130 


17.282 


18.434 


19.586 


20.738 


21.890 


2 


23.043 


24.195 


25.347 


26.499 


27.651 


28.803 


29.955 


31.107 


32.260 


33.412 


3 


34.564 


35.716 


36.868 


38.020 


39.172 


40.324 


41.477 


42.629 


43.781 


44.933 


4 


46.085 


47.237 


48.389 


49.541 


50.694 


51.846 


52.998 


54.150 


55.302 


56.454 


5 


57.606 


58.758 


59.911 


61.063 


62.215 


63.367 


64.519 


65.671 


66.823 


67.975 


6 


69.128 


70.280 


71.432 


72.584 


73.736 


74.888 


76.040 


77.193 


78.345 


79.497 


7 


80.649 


81.801 


82.953 


84.105 


85.257 


86.410 


87.562 


88.714 


89.866 


91.018 


8 


92.170 


93.322 


94.474 


95.627 


96.779 


97.931 


99.083 


100.235 


101.387 


102.539 


9 


103.691 


104.844 


105.996 


107.148 


108.300 


109.452 


110.604 


111.756 


112.908 


114.061 
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MEASURES AND WEIGHTS 



METRIC CONVERSION TABLES 
Meters to Feet — 1 m=3.2808333 ft. 



^ 





. 1 


2 


3 


4 


5 


6 


■ 7 


8 


« 







3.281 


6JS62 


9.843 


13.123 


16.404 


19.686 


22JM6 


26.247 


29.528 


1 


32.806 


36.089 


30.370 


42.651 


45.932 


49.213 


62.493 


65.774 


69.055 


62.336 


2 


65.617 


68.896 


.72.178 


75.459 


78.740 


82.021 


8BJm 


88JiSS 


91.863 


95.144 




08.425 


101.706 


104.087 


108.268 


111.548 


114.829 


118.110 


121.391 


124.672 


127.953 




131.233 


134.514 


137.705 


141.076 


144.357 


147.638 


150.918 


154.190 


157.480 


160.761 




164.042 


167.323 


170.603 


173.884 


177.165 


180.446 


183.727 


187.008 


190.288 


193.569 




196.850 


200.131 


203.412 


206.693 


209.973 


213.254 


216.535 


219.816 


223.097 


226.378 




229.658 


232.039 


236.220 


239.501 


242.782 


246.063 


249.343 


252.624 


255.005 


250.186 


8 


262.467 


265.746 


269.028 


272.309 


275.590 


278.871 


282.152 


285.433 


288.713 


201.004 


9 


295.275 


298.556 


301.837 


305.118 


308.398 


311.679 


314.960 


318.241 


321.522 


324.803 



Kilograms Per Meter to Pounds Per Foot — ^I kg/m=o.67i97 Ib./ft. 



^ 





1 


2 


3 


4 


6 


6 


7 


8 










0.6720 


1.3430 


2.0150 


2.6870 


3.3500 


4.0318 


4.7038 


5.3758 


6.0477 


1 


6.7197 


7.3017 


8.0636 


8.7356 


0.4076 


10.0706 


10.7515 


11.4235 


12.0055 


12.7674 


2 


13.4394 


14.1114 


14.7833 


15.4553 


16.1273 


16.7003 


17.4712 


18.1432 


18.8152 


10.4871 


8 


20.1501 


20.8311 


21.5030 


22.1750 


22.8470 


23.5100 


24.1000 


24.8620 


25.5340 


26.2068 


4 


26.8788 


27.5508 


28.2227 


28.8047 


20.5667 


30.2387 


30.0106 


31.5826 


32.2546 


32.0265 


6 


33.5085 


34.2705 


34.0424 


35.6144 


36.2864 


36.0584 


37.6303 


38.3022 


38.0743 


30.6462 


6 


40.3182 


40.0002 


41.6621 


42.3341 


43.0061 


43.6781 


44.3500 


45.0220 


45.6040 


46.3650 


7 


47.0370 


47.7000 


48.3818 


40.0538 


40.7258 


50.3078 


61.0607 


51.7417 


52.4137 


53.0856 


8 


53.7576 


54.4206 


65.1015 


55.7735 


56.4455 


57.1175 


57.7804 


58.4614 


50.1334 


50.8053 





60.4773 


61.1403 


61.8212 


62.4032 


63.1652 


63.8372 


64.5001 


65.1811 


65.8531 


66.5250 



Kg. per Sq. Cm. to Pounds per Sq. Inch — 1 kg/cm2=i4.2234 Ibs./in.* 



^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 







14.22 


28.45 


42.67 


56.80 


71.12 


85.34 


99.56 


113.70 


128.01 


1 


142.23 


156.46 


170.68 


184.00 


100.13 


213.36 


227.57 


241.80 


256.02 


270.24 


2 


284.47 


208.60 


312.01 


327.14 


341.36 


355.59 


369.81 


384.03 


308.26 


412.48 


3 


426.70 


440.03 


455.15 


460.37 


483.60 


497.82 


512.04 


526.27 


640.40 


554.71 


4 


568.04 


683.16 


507.38 


611.61 


625.83 


640.05 


654.28 


668.50 


682.72 


606.05 


5 


711.17 


725.30 


730.62 


753.84 


768.06 


782.29 


796.51 


810.73 


824.06 


830.18 


6 


853.40 


867.63 


881.85 


806.07 


010.30 


924.52 


938.74 


952.97 


067.10 


081.41 


7 


005.64 


1000.86 


1024.08 


1038.31 


1052.53 


1066.76 


1080.08 


1005.20 


1100.43 


1123.65 


8 


1137.87 


1152.10 


1166.32 


1180.54 


1104.77 


1208.99 


1228.21 


1237.44 


1251.66 


1265.88 


9 


1280.11 


1204.33 


1308.55 


1322.78 


1337.00 


1351.22 


1365.45 


1370.67 


1303.80 


1408.12 



Kilogram-Centimeters to Inch-Pounds — 1 kg/cm==0.86796 in./lb. 



% 





1 


2 


3 


4 


6 


6 


7 


8 


9 







0.8680 


1.7350 


2.6030 


3.4718 


4.3398 


5.2078 


6.0757 


6.0437 


7.8116 


1 


8.6706 


0.5476 


10.4155 


11.2835 


12.1514 


13.0194 


13.8874 


14.7553 


15.6233 


16.4912 


2 


17.3592 


18.2272 


10.0051 


10.0631 


20.8310 


21.6990 


22.5670 


23.4340 


24.3020 


25.1708 


3 


26.0388 


26.0068 


27.7747 


28.6427 


20.5106 


30.3786 


31.2466 


32.114d 


32.9825 


33.8504 


4 


34.7184 


35.5864 


36.4543 


37.3223 


38.1902 


30.0582 


30.0262 


40.7941 


41.6621 


42.5300 


6 


43.3080 


44.2660 


45.1330 


46.0010 


46.8608 


47.7378 


48.6058 


40.4737 


50.3417 


51.2096 


6 


62.0776 


52.9456 


53.8135 


54.6815 


55.5404 


56.4174 


57.2854 


58.1533 


59.0213 


59.8892 


7 


60.7572 


61.6252 


62.4931 


63.3611 


64.2200 


65.0970 


65.9650 


66.8329 


67.7009 


68.5688 


8 


60.4368 


70.3048 


71.1727 


72.0407 


72.9086 


73.7766 


74.6446 


75.5125 


76.3805 


77.2484 





78.1164 


78.0844 


70.8523 


80.7203 


81.5882 


82.4562 


83.3242 


84.1921 


85.0601 


85.0280 



346 



CARNBQIB STEEL COMPANY 



METRIC CONVERSION TABLE 
Inches to Millimeters 
39.37 inches, IT. S. Standard=l meter=100 centimeters^^lOOO millimeters. 



Inches 





Vie 


% 


%6 


% 


%6 


% 


Tio 





0.00 


1.59 


3.18 


4.76 


6.35 


7.94 


9.53 


11.11 


1 


25.40 


26.99 


28.58 


30.16 


31.75 


33.34 


34.93 


36.61 


2 


50.80 


52.39 


53.98 


56.66 


67.15 


58.74 


60.33 


61.91 


3 


76.20 


77.79 


79.38 


80.96 


82.56 


84.14 


86.73 


87.31 


4 


101.60 


103.19 


104.78 


106.36 


107.96 


109.54 


111.13 


112.71 


5 


127.00 


128.59 


130.18 


131.76 


133.35 


134.94 


136.63 


138.11 


6 


152.40 


153.99 


165.68 


167.16 


168.75 


160.34 


161.93 


163.51 


7 


, 177.80 


179.39 


180.98 


182.66 


184.16 


185.74 


187.33 


188.91 


8 


203.20 


204.79 


206.38 


207.96 


209.66 


211.14 


212.73 


214.31 


9 


228.60 


230.19 


231.78 


233.36 


234.95 


236.54 


238.13 


239.71 


10 


264.00 


255.59 


267.18 


258.76 


260.35 


261.94 


263.63 


265.11 


11 


279.40 


280.99 


282.58 


284.16 


286.76 


287.34 


288.93 


290.51 


12 


304.80 


306.39 


307.98 


309.56 


311.15 


312.74 


314.33 


315.91 


13 


330.20 


331.79 


333.38 


334.96 


336.65 


338.14 


339.73 


341.31 


14 


355.60 


357.19 


358.78 


360.36 


361.95 


363.54 


366.13 


366.71 


16 


381.00 


382.59 


384.18 


385.76 


387.36 


388.94 


390.63 


392.11 


16 


406.40 


407.99 


409.58 


411.16 


412.75 


414.34 


416.93 


417.61 


17 


431.80 


433.39 


434.98 


436.66 


438.16 


439.74 


441.33 


442.91 


18 


457.20 


468.79 


460.38 


461.96 


463.55 


465.14 


466.73 


468.31 


19 


482.60 


484.19 


485.78 


487.36 


488.95 


490.54 


492.13 


493.71 


20 


608.00 


509.59 


611.18 


612.76 


514.35 


615.94 


617.63 


619.11 


21 


533.40 


534.99 


636.68 


638.16 


639.76 


641.34 


642.93 


544.61 


22 


558.80 


660.39 


561.98 


663.56 


665.15 


666.74 


668.33 


669.91 


23 


584.20 


585.79 


587.38 


688.96 


590.65 


592.14 


693.73 


696.31 


24 


609.60 


611.19 


612.78 


614.36 


615.95 


617.64 


619.13 


620.71 


25 


636.00 


636.59 


638.18 


639.76 


641.35 


642.94 


644.53 


646.11 


26 


660.40 


661.99 


663.68 


666.16 


666.75 


668.34 


669.93 


671.51 


27 


685.80 


687.39 


688.98 


690.56 


692.15 


693.74 


695.33 


696.91 


28 


711.20 


712.79 


714.38 


715.96 


717.65 


719.14 


720.73 


722.31 


29 


736.60 


738.19 


739.78 


741.36 


742.95 


744.54 


746.13 


747.71 


30 


762.00 


763.59 


766.18 


766.76 


768.35 


769.94 


771.63 


773.11 


31 


787.40 


788,99 


790.58 


792.16 


793.76 


795.34 


796.93 


798.61 


32 


812.80 


814.39 


815.98 


817.66 


819.15 


820.74 


322.33 


823.91 


33 


838.20 


839.79 


841.38 


842.96 


844.55 


846.14 


847.73 


849.31 


34 


863.60 


865.19 


866.78 


868.36 


869.96 


871.54 


873.13 


874.71 


35 


889.00 


890.59 


892.18 


893.76 


895.35 


896.94 


898.53 


900.11 


36 


914.40 


915.99 


917.68 


919.16 


920.76 


922.34 


923.93 


926.51 


37 


939.80 


941.39 


942.98 


944.56 


946.16 


947.74 


949.33 


950.91 


38 


965.20 


966.79 


968.38 


969.96 


971.65 


973.14 


974.73 


976.31 


39 


990.60 


992.19 


993.78 


995.36 


996.95 


998.54 


1000.13 


1001.71 


40 


1016.00 


1017.59 


1019.18 


1020.76 


1022.35 


1023.94 


1025.53 


1027.11 


41 


1041.40 


1042.99 


1044.58 


1046.16 


1047.76 


1049.34 


1060.93 


1052.51 


42 


1066.80 


1068.39 


1069.98 


1071.56 


1073.16 


1074.74 


1076.33 


1077.91 


43 


1092.20 


1093.79 


1096.38 


1096.96 


1098.55 


1100.14 


1101.73 


1103.31 


44 


1117.60 


1119.19 


1120.78 


1122.36 


1123.95 


1125.54 


1127.13 


1128.71 


45 


1143.00 


1144.69 


1146.18 


1147.76 


1149.36 


1150.94 


1152.63 


1154.11 


46 


1168.40 


1169.99 


1171.58 


1173.16 


1174.75 


1176.34 


1177.93 


1179.51 


47 


1193.80 


1195.39 


1196.98 


1198.66 


1200.16 


1201.74 


1203.33 


1204.91 


48 


1219.20 


1220.79 


1222.38 


1223.96 


1226.55 


1227.14 


1228.73 


1230.31 


49 


1244.60 


1246.19 


1247.78 


1249.36 


1250.95 


1252.64 


1254.13 


1256.71 


50 


1270.00 


1271.69 


1273.18 


1274.76 


1276.36 


1277.94 


1279.53 


1281.11 
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MEASURES AND WEIGHTS 



METRIC CONVERSION TABLE 
Inches to Millimeters 
39.37 inches, U. S. Standard=l meter=100 centlmeters=1000 millimeters 



Inches 


H 


%« 


% 


iMe 


% 


1%6 


% 


1%6 





12.70 


14.29 


15.88 


17.46 


19.06 


20.64 


22.23 


23.81 


1 


38.10 


39.69 


41.28 


42.86 


44.46 


46.04 


47.63 


49.21 


2 


63.50 


65.09 


66.68 


68.26 


69.85 


71.44 


73.03 


74.61 


3 


88.90 


90.49 


92.08 


93.66 


96.25 


96.84 


98.43 


100.01 


4 


114.30 


115.89 


117.48 


119.06 


120.66 


122.24 


123.83 


125.41 


5 . 


139.70 


141.29 


142.88 


144.46 


146.06 


147.64 


149.23 


160.81 


6 


165.10 


166.69 


168.28 


169.86 


171.46 


173.04 


174.63 


176.21 


7 


190.50 


192.09 


193.68 


195.26 


196.85 


198.44 


200.03 


201.61 


8 


215.90 


217.49 


219.08 


220.66 


222.25 


223.84 


225.43 


227.01 


9 


241.30 


242.89 


244.48 


246.06 


247.65 


249.24 


260.83 


252.41 


10 


266.70 


268.29 


269.88 


271.46 


273.05 


274.64 


276.23 


277.81 


11 


292.10 


293.69 


296.28 


296.86 


298.45 


300.04 


301.63 


303.21 


12 


317.50 


319.09 


320.68 


322.26 


323.85 


325.44 


327.03 


328.61 


13 


342.90 


344.49 


346.08 


347.66 


349.25 


350.84 


352.43 


354.01 


14 


368.30 


369.89 


371.48 


373.06 


374.65 


376.24 


377.83 


379.41 


16 


393.70 


395.29 


396.88 


398.46 


400.05 


401.64 


403.23 


404.81 


16 


419.10 


420.69 


422.28 


423.86 


426.46 


427.04 


428.63 


430.21 


17 


444.50 


446.09 


447.68 


449.26 


450.85 


452.44 


454.03 


455.61 


18 


469.90 


471.49 


473.08 


474.66 


476.25 


477.84 


479.43 


481.01 


19 


495.30 


496.89 


498.48 


500.06 


501.65 


503.24 


504.83 


506.41 


20 


520.70 


522.29 


523.88 


625.46 


627.05 


528.64 


630.23 


531.81 


21 


546.10 


647.69 


649.28 


660.86 


662.45 


564.04 


556.63 


667.21 


22 


671.50 


673.09 


674.68 


676.26 


677.85 


679.44 


681.03 


582.61 


23 


596.90 


698.49 


600.08 


601.66 


603.25 


604.84 


606.43 


608.01 


24 


622.30 


623.89 


625.48 


627.06 


628.65 


630.24 


631.83 


633.41 


25 


647.70 


649.29 


660.88 


652.46 


664.05 


655.64 


667.23 


658.81 


26 


673.10 


674.69 


676.28 


677.86 


679.46 


681.04 


682.63 


684.21 


27 


698.50 


700.09 


701.68 


703.26 


704.86 


706.44 


708.03 


709.61 


28 


723.90 


725.49 


727.08 


728.66 


730.26 


731.84 


733.43 


736.01 


29 


749.30 


760.89 


752.48 


764.06 


755.66 


757.24 


758.83 


760.41 


30 


774.70 


776.29 


777.88 


. 779.46 


781.05 


782.64 


784.23 


785.81 


31 


800.10 


801.69 


803.28 


804.86 


806.45 


808.04 


809.63 


811.21 


32 


825.50 


827.09 


828.68 


830.26 


831.85 


833.44 


835.03 


836.61 


33 


850.90 


852.49 


864.08 


865.66 


867.26 


858.84 


860.43 


862.01 


34 


876.30 


877.89 


879.48 


881.06 


882.65 


884.24 


886.83 


887.41 


35 


901.70 


903.29 


904.88 


906.46 


908.05 


909.64 


911.23 


912.81 


36 


927.10 


928.69 


930.28 


931.86 


933.46 


935.04 


936.63 


938.21 


37 


952.50 


954.09 


955.68 


957.26 


958.85 


960.44 


962.03 


963.61 


38 


977.90 


979.49 


981.08 


982.66 


984.25 


985.84 


987.43 


989.01 


39 


1003.30 


1004.89 


1006.48 


1008.06 


1009.65 


1011.24 


1012.83 


1014.41 


40 


1028.70 


1030.29 


1031.88 


1033.46 


1036.06 


1036.64 


1038.23 


1039.81 


41 


1054.10 


1066.69 


1057.28 


1058.86 


1060.45 


1062.04 


1063.63 


1066.21 


42 


1079.50 


1081.09 


1082.68 


1084.26 


1085.86 


1087.44 


1089.03 


1090.61 


43 


1104.90 


1106.49 


1108.08 


1109.66 


1111.25 


1112.84 


1114.43 


1116.01 


44 


1130.30 


1131.89 


1133.48 


1135.06 


1136.65 


1138.24 


1139.83 


1141.41 


45 


1155.70 


1157.29 


1158.88 


1160.46 


1162.05 


1163.64 


1165.23 


1166.81 


46 


1181.10 


1182.69 


1184.28 


1185.86 


1187.45 


1189.04 


1190.63 


1192.21 


47 


1206.60 


1208.09 


1209.68 


1211.26 


1212.85 


1214.44 


1216.03 


1217.61 


48 


1231.90 


1233.49 


1235.08 


1236.66 


1238.25 


1239.84 


1241.43 


1243.01 


49 


1257.30 


1258.89 


1260.48 


1262.06 


1263.65 


1265.24 


1266.83 


1268.41 


50 


1282.70 


1284.29 


1285.88 


1287.46 


1289.05 


1290.64 


1292.23 


1293.81 
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CARNBQIE STEEL COMPANY 



METRIC CONVERSION TABLE 
Pounds Avoirdupois to Kiloobams 

1 Pound=0.45369 Kilograms 



Pounds 







6 



8 



9 




1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 



4.54 

9.07 

13.61 

18.14 

22.68 

27.22 
31.75 
36.29 
40.82 
45.36 

49.90 
54.43 
58.97 
63.50 
68.04 

72.57 

77.11 
81.65 
86.18 
90.72 

95.25 

99.79 

104.33 

108.86 

113.40 

117.93 
122.47 
127.01 
131.54 
136.08 

140.61 
145.15 
149.69 
154.22 
158.76 

163.29 
167.83 
172.37 
176.90 
181.44 

185.97 
190.51 
195.04 
199.58 
204.12 

208.65 
213.19 
217.72 
222.26 



0.45 

4.99 

9.53 

14.06 

18.60 

23.13 

27.67 
32.21 
36.74 
41.28 
45.81 

50.35 

54.88 
59.42 
63.96 
68.49 

73.03 
77.56 
82.10 
86.64 
91.17 

95.71 
100.24 
104.78 
109.32 
113.85 

118.39 
122.92 
127.46 
132.00 
136.53 

141.07 
145.60 
150.14 
154.68 
159.21 

163.75 
168.28 
172.82 
177.35 
181.89 

186.43 
190.96 
195.50 
200.03 
204.57 

209.11 
213.64 
218.18 
222.71 



0.91 

5.44 

9.98 

14.51 

19.05 

23.59 

28.12 
32.66 
37.19 
41.73 
46.27 

50.80 
55.34 
59.87 
64.41 
68.95 

73.48 
78.02 
82.55 
87.09 
91.63 

96.16 
100.70 
105.23 
109.77 
114.31 

118.84 
123.38 
127.91 
132.45 
136.98 

141.52 
146.06 
150.59 
155.13 
159.66 

164.20 
168.74 
173.27 
177.81 
182.34 

186.88 
191.42 
195.95 
200.49 
205.02 

209.56 
214.10 
218.63 
223.17 



1.36 
5.90 
10.43 
14.97 
19.50 
24.04 

28.58 
33.11 
37.65 
42.18 
46.72 

51.26 
55.79 
60.33 
64.86 
69.40 

73.94 

78.47 
83.01 
87.54 
92.08 

96.62 
101.15 
105.69 
110.22 
114.76 

119.29 
123.83 
128.37 
132.90 
137.44 

141.97 
146.51 
151.05 
155.68 
160.12 

164.65 
169.19 
173.73 
178.26 
182.80 

187.33 
191.87 
196.41 
200.94 
205.48 

210.01 
214.55 
219.09 
223.62 



1.81 
6.35 
10.89 
15.42 
19.96 
24.49 

29.03 
33.57 
38.10 
42.64 
47.17 

51.71 
56.25 
60.78 
65.32 
69.85 

74.39 
78.93 
83.46 
88.00 
92.53 

97.07 
101.60 
106.14 
110.68 
115.21 

119.75 
124.28 
128.82 
133.36 
137.89 

142.43 
146.96 
151.50 
156.04 
160.57 

165.11 
169.64 
174.18 
178.72 
183.25 

187.79 
192.32 
196.86 
201.40 
205.93 

210.47 
215.00 
219.54 
224.07 



2.27 
6.80 
11.34 
15.88 
20.41 
24.95 

29.48 
34.02 
38.56 
43.09 
47.63 

52.16 
56.70 
61.23 
65.77 
70.31 

74.84 
79.38 
83.91 
88.45 
92.99 

97.52 
102.06 
106.59 
111.13 
115.67 

120.20 
124.74 
129.27 
133.81 
138.35 

142.88 
147.42 
151.95 
166,49 
161.03 

165.56 
170.10 
174.63 
179.17 
183.70 

188.24 
192.78 
197.31 
201.86 
206.38 

210.92 
215.46 
219.99 
224.53 



2.72 

7.26 
11.79 
16.33 
20.87 
25.40 

29.94 
34.47 
39.01 
43.54 
48.08 

52.62 
57.15 
61.69 
66.22 
70.76 

75.30 
79.83 
84.37 
88.90 
93.44 

97.98 
102.51 
107.05 
111.58 
116.12 

120.66 
125.19 
129.73 
134.26 
138.80 

143.34 
147.87 
152.41 
156.94 
161.48 

166.01 
170.55 
175.09 
179.62 
184.16 

188.69 
193.23 
197.77 
202.30 
206.84 

211.37 
215.91 
220.45 
224.98 



3.18 
7.71 
12.25 
16.78 
21.32 
25.85 

30.39 
34.93 
39.46 
44.00 
48.53 

63.07 
57.61 
62.14 
66.68 
71.21 

75.76 
80.29 
84.82 
89.36 
93.89 

98.43 
102.97 
107.50 
112.04 
116.57 

121.11 
125.66 
130.18 
134.72 
139.25 

143.79 
148.32 
162.86 
157.40 
161.93 

166.47 
171.00 
175.64 
180.08 
184.61 

189.15 
193.68 
198.22 
202.76 
207.29 

211.83 
216.36 
220.90 
225.44 



3.63 
8.16 
12.70 
17.24 
21.77 
26.31 

30.84 
35.38 
39.92 
44.45 
48.99 

53.52 
58.06 
62.60 
67.13 
71.67 

76.20 
80.74 
85.28 
89.81 
94.35 

98.88 
103.42 
107.96 
112.49 
117.03 

121.56 
126.10 
130.63 
135.17 
139.71 

144.24 
148.78 
153.31 
157.86 
162.39 

166.92 
171.46 
175.99 
180.53 
185.07 

189.60 
194.14 
198.67 
203.21 
207.75 

212.28 
216.82 
221.35 
225.89 



4.08 

8.62 

13.15 

17.69 

, 22.23 

26.76 

31.30 
35.83 
40.37 
44.91 
49.44 

53.98 
58.51 
63.05 
67.59 
72.12 

76.66 
81.19 
85.73 
90.26 
94.80 

99.34 
103.87 
108.41 
112.94 
117.48 

122.02 
126.55 
131.09 
135.62 
140.16 

144.70 
149.23 
153.77 
158.30 
162.84 

167.38 
171.91 
176.45 
180.98 
185.52 

190.06 
194.59 
199.13 
203.66 
208.20 

212.73 
217.27 
221.81 
226.34 
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MEASURES AND WEIGHTS 



METRIC CONVERSION TABLE 
Pounds Avojbdupois to Kilograms 



1 Pound=0.45359 Kilograms 



Pounda 



50 
61 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 

74 
76 

76 
77 
78 
79 
80 

81 
82 
83 
84 
86 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 



226.80 
231.33 
235.87 
240.40 
244.94 
249.48 

254.01 
268.66 
263.08 
267.62 
272.16 

276.69 
281.23 
286.76 
290.30 
294.84 

299.37 
303.91 
308.44 
312.98 
317.61 

322.05 
326.69 
331.12 
336.66 
340.19 

344.73 
349.27 
363.80 
368.34 
362.87 

367.41 
371.95 
376.48 
381.02 
386.66 

390.09 
394.63 
399.16 
403.78 
408.23 

412.77 
417.31 
421.84 
426.38 
430.91 

436.46 
439.98 
444.62 
449.061 



227. 
231. 
236. 
240. 
246. 
249. 



26 
79 
32 
86 
39 
93 



254.47 
269.00 
263.64 
268.07 
272.61 

277.14 
281.68 
286.22 
290.76 
296.29 

299.82 
304.36 
308.90 
313.43 
317.97 

322.50 
327.04 
331.68 
336.11 
340.66 

345.18 
349.72 
364.26 
368.79 
363.33 

367.86 
372.40 
376.94 
381.47 
386.01 

390.64 
396.08 
399.61 
404.15 
408.69 

413.22 
417.76 
422.29 
426.83 
431.37 

435.90 
440.44 
444.97 
449.61 



227. 
232. 
236. 
241. 
246. 
250. 



70 
24 

781 
31 
86 
38 



254.92 
269.46 
263.99 
268.63 
273.06 

277.60 

282.13 
286.67 
291.21 
295.74 

300.28 
304.81 
309.36 
313.89 
318.42 

322.96 
327.49 
332.03 
336.67 
341.10 

346.64 
360.17 
364.71 
369.25 
363.78 

368.32 
372.86 
377.39 
381.92 
386.46 

391.00 
396.53 
400.07 
404.60 
409.14 

413.68 
418.21 
422.75 
427.28 
431.82 

436.36 
440.89 
446.43 
449.96 



228. 
232. 
237. 
241. 
246. 
250. 



16 
69 
23 
76 
30 
84 



255.37 
259.91 
264.44 
268.98 
273.52 

278.05 

282.69 
287.12 
291.66 
296.20 

300.73 
305.27 
309.80 
314.34 
318.88 

323.41 
327.96 
332.48 
337.02 
341.66 

346.09 
360.63 
365.16 
369.70 
364.23 

368.77 
373.31 
377.84 
382.33 
386.91 

391.46 
396.99 
400.62 
406.06 
409.59 

414.13 
418.67 
423.20 
427.74 
432.27 

436.81 
441.36 
446.88 
460.42 



228. 
233. 
237. 
242. 
246. 
261. 



61 
16 
68 
22 
76 
29 



255.83 
260.36 
264.90 
269.43 
273.97 

278.51 
283.04 
287.68 
292.11 
296.65 

301.19 
306.72 
310.26 
314.79 
319.33 

323.86 
328.40 
332.94 
337.47 
342.01 

346.54 
361.08 
366.62 
360.15 
364.69 

369.22 
373.76 
378.30 
382.83 
387.37 

391.90 
396.44 
400.98 
406.61 
410.06 

414.68 
419.12 
423.66 
428.19 
432.73 

437.26 
441.80 
446.33 
460.87 



5 



229. 
233. 
238. 
242. 
247, 
261. 



06 
60 
14 
67 
21 
74 



256.28 
260.82 
266.36 
269.89 
274.42 

278.96 
283.60 
288.03 
292.57 
297.10 

301.64 
306.17 
310.71 
315.25 
319.78 

324.32 
328.85 
333.39 
337.93 
342.46 

347.00 
361.53 
356.07 
360.61 
365.14 

369.68 
374.21 
378.76 
383.29 
387.82 

392.36 
396.89 
401.43 
405.97 
410.60 



I 



416.1 

419.6 

424.11 

428.64 

433.18 



437.72 
442.25 
446.79 
461.32 



6 



229.62 
234.06 
238.69 
243.13 
247.66 
252.20 



229.97 
234.51 
239.04 
243.68 
248.12 
262.66 



256.73 257.19 



261.27 
266.81 
270.34 
274.88 

279.41 
283.95 
288.48 
293.02 
297.56 

302.09 
306.63 
311.16 
316.70 
320.24 

324.77 
329.31 
333.84 
338.38 
342.92 

347.45 
361.99 
366.62 
361.06 
365.60 

370.13 
374.67 
379.20 
383.74 
388.28 

392.81 
397.35 
401.88 
406.42 
410.95 

415.49 
420.03 
424.66 
429.10 
433.63 

438.17 
442.71 
447.24 
461.78 



261.72 
266.26 
270.79 
275.33 

279.87 
284.40 
288.94 
293.47 
298.01 

302.56 
307.08 
311.62 
316.16 
320.69 

325.23 
329.76 
334.30 
338.83 
343.37 

347.91 
362.44 
366.98 
361.61 
366.06 

370.59 
375.12 
379.66 
384.19 
388.73 

393.26 
397.80 
402.34 
406.87 
411.41 

415.94 
420.48 
426.02 
429.65 
434.09 

438.62 
443.16 
447.70 
462.23 



8 



230.42 
234.96 
239.50 
244.03 
248.57 
253.10 

257.64 
262.18 
266.71 
271.25 
275.78 

280.32 
284.86 
289.39 
293.93 
298.46 

303.00 
307.54 
312.07 
316.61 
321.14 

325.68 
330.22 
334.75 
339.29 
343.82 

348.36 
362.89 
357.43 
361.97 
366.50 

371.04 
375.57 
380.11 
384.65 
389.18 

393.72 
398.25 
402.79 
407.33 
411.86 

416.40 
420.93 
425.47 
430.01 
434.54 

439.08 
443.61 
448.15 
452.69 



9 



230.88 
235.41 
239.95 
244.49 
249.02 
253.56 

258.00 
262.63 
267.17 
271.70 
276.24 

280.77 
285.31 
289.85 
294.38 
298.92 

303.45 
307.99 
312.53 
317.06 
321.60 

326.13 
330.67 
336.20 
339.74 
344.28 

348.81 
353.35 
357.88 
362.42 
366.96 

371.49 
376.03 
380.66 
386.10 
389.64 

394.17 
398.71 
403.24 
407.78 
412.32 

416.85 
421.39 
426.92 
430.46 
436.00 

439.53 
444.07 
448.60 
463.14 
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PROPERTIES OF THE CIRCLE 

Circumference of Circle of Dia. i = ir = 3.14159265 

Circumference of Circle = 2 ir r 

Dia. of Circle = Circumference x 0.31831 

Diameter of Circle of equal periphery as square = side x 1.27324 

Side of Square of equal peripheiy as circle == diameter x 0.78540 

Diameter of Circle circumscribed about square = side x 1.41421 

Side of Square inscribed in Circle = diameter x 0.70711 



— -X- — ►. 



irrA^ 




180 

180® a 



= 0.017463 r A "* 



ArCy a: 

Angle, A' 

Radiua, r = ^^1 + "' Diameter, d = ^i^i^ 

Chord, c = 

Rise, b= r-HV4r2-c» = 4- tan ^ = 2rsin2-4 

2 4 4 

Rise, b = 



^ ^ = 57.29578 -~ 

irr r 



2V2br— b» = 2rsin 



IF 



2 



T 

r 
1 

IT 

180 

180 

r 



r-f-y-Vr2-x2. y=h-T+^i^-x^ x=Vr2-(r+-y-b)3 

3.14159265, log = 0.4971499 
0.3183099, log = T.5028501 
9.8696044, log = 0.9942997 
0.1013212, log =7.0057003 
1.7724539, log = 0.2485749 

0.5641896, log =7.7514251 
= 0.0174533, log =¥.2418774 



•— = 57.2957795, log = 1.7581226 
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AREA OF PLANE J^IGURES 


TiiaBffl«: 


Base X ^ perpendicular height. 




1/8(8 — ^a) (s — ^b) (8 — c), 




B=} 2 sum of the three sides a, b and c. 


Trapedaiii: 


Sum of area of the two triangles. 


Trapeioid : 


H sum of parallel sides x perpendicular height. 


Ptenllelognun : 


Base X perpendicular height. 


Bcsvlar PoIjswk 


}4 sum of sides x inside radius. 


drcfes 


IT r* — 0.78540 X dia.2 — 0.07959k circumference*. 


Seetorof Cixde: 


IT r3 A^ 
3^Q 0.0087266 r^A"* — arc X J^ radius. 


Segment of drde: 


r2 /tA** . j,o\ 
2 ( 180 «^°^7 


drde of same ena 


aa eqiiaie: diameter — side X 1.12838 


Square of same are 


a aa eirde : side = diameter x 0.88623 



Ellipae : Long diameter x short diameter x 0.78540 

Funabola : Base x % perpendicular height. 

Irregalar plane anrf ece. 



a-: 



M 



w 



10 



T 

a 



A 



+ 
c 

A 



-b 




Divide any plane surface A, B, C, D, along a line a-b into an even 
number, n, of parallel and sufficiently small strips, d, whose ordinates 

are hi, hs, hs, h4, hs hn— 1, hn, hn+i; and considering contours 

I between three ordinates as parabolic curves, then for section ABCD, 

Area=-|- [hi+hn+i+4(h2+h4+h6 . . .+hn)+2 (hs+hs+hr. . .+hii.i)] 

or, approximately. Area = Sum of ordinates x width, d. 
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TRIGONOMETRIC FORMULAS 



cotan A 



Rafifiai,lsiin*A+M«*A 

siin A eoMe A=soaiA aeoA^stan A oot A 



esooaA tMlA= 



«=^A«>tA='^l-- 




^V^~^' 



iia% A 



'sin A tan A 
* «inA~ oosA 



008 A ^A 



<=eoaAeoMeA 



irin (A + B) s> ain A «oa B + eoa A tin B 
coa(A±B) —oosAcoaB + ainA^B 
ain A+iinBs2ainH(A+B) oo>H(A— B) 
•in A — ainB = 2oo8H(A+B) sin H (A— B) 
MS A+ cos B s 2 cos H (A+ B) 008 H (A— B) 
•osB — oo8A-2sb>^(A+B) sinH(A— B> 



•in 2A 



s2ainA eoeA 



008 2 A 3s 008* A— ^* A 

.In H A = <^fX=^2LA. eo8 J^A = >p2p2: 



ain* A = 



1— eo8 2A 



■•As 



1-f 0082A 



sin* A — sin* B B sin (A + B) sin (A — B) 
'*°^^''''" -=tanH(A±B) 



*«A + tanB = .^^±J|- 



taikA— tan B=: 
oo(A+cot Bs 
ootA— oo« Bss 
tMi2A s 

0Qi2A 



sin (A— B) 



008 A oosB 

sin(B + A) 
sin A nnB 

sln(B— A) 
anA sinB 

2tanA 
1— tan>A 



coi« A-1 
~ 2 cot A 



tanHAs 



sin A 



l + eosA 



* 1-^008 A 



Alt 1— eoa2A _.. . l+eo82 A 



008*A~Bin*Bse08(A + B)eo8(A — B) 



^Qnadnat 


I 


II 


ni 


IV 


AiCb 


Aagio 


0>to«>» 


«*tol80* 


180*to370* 


370>toaaD* 


30» 


4S» 


«0» 


nmetioM 


VaIum vaiy from 


EqoiTalait vahias 


sin 


+Oto+1 


•1-1 to 40 


-Oto-l 


-lto-0 


H 


HV2 


HVs 


cos 


+lto+0 


-Oto-1 


-lto-0 


+Oto+1 


HVs 


HV3 


H 


tan 


+0to+<» 


-cx>to-0 


+0to+oo 


-OOlor-0 


HV3 


1 


V3 


oot 


+0DtO+C 


-OtO-OD 


+c»to+0 


-Oto-00 


V3- 


1 


HVT 



. A.tba<«a» 1 


ABde 


■in 


«M 


u. 


«ot 


♦• 


♦• 


♦^ 


♦• 


♦• 


(r±a 


±sina 


+008 8 


+tana 


±eota 


9<rt* 


+eo8a 


+sina 


4«ota 


Ttana 


lacr+a 


^Wna 


— ooea 


+tana 


±oota 


27(r±» 


--«08a 


±sina 


+oota 


7tua 
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TRIGONOMETRIC SOLUTION OF TRIANGLES 



a+b+c 





Given Sought 



Formulae 



Right-Angled Triangles 



a, c 


A, B, b 


sin A — ^j , 


C03 


B — -^ 


b = ■/ c2 - a3 




Area 


Area -fV^^"*^ 




^ 






A, B, c 


tan A = -g", 


tan B = ~, 




a. b 


c = ■/ a3 + b2 




Area 


Area = — g- 






• 


A, a 


B, b. c 


B = 90«-A, 




b — a cot A, 


a 


*- — sin A 




Area 


a2 cot A 
Area = g 


A,b 


B, a, c 


B = 90*'-A, 




a— b tan A, 


b 


^ ~~ cos A 




Area 


b2 tan A 
Area = g 


A, c 


B, a, b 


B = 90**— A. 




a — c sin A, 


b c cos A 




Area 


c2 sin A 
Area = g" 


cos 


A ca sin 2 A 
or 4 





Oblique-Angled Triangles 



a, b, c 



a. A, B 



B 



C 



Area 



b, c 



Area 



BinJA= \l^^l^^^\ooBiA=: \/«(f-^).tanU= XJ^^lS^ 
^ DC M be If 8 (s-a) 



BmiB= \/(^^)(a-<^),co6iB= \/l^!l^,tan§B= \/-^^=?^%^ 
^ a c ^ a c If B (s-b) 



BmJC= \/i!:5H2:^,cosiC= \/li5^.taniC= \/i?:^)i§ib2 
Ifab ^ab ^s (s-c) 



Area = y' s (s-a) (s-b) (s-c) 



b = 



a sin B 
sin A 



c = 



a sin C 
sin A 



a sin (A + B) 
sin A 



Area = | a b sin C = 



a2 sin B sin C 
2 sin A 



a, b, A 



B 



sinB = 



b sin A 



c = 



a sin C 
sin A 



bsin C 
sin B 



= -/ a2 + b2-2 ab cos C 



Area 



Area = J a b sin C 



a, b. C 



tan A 



a sin C 
b-a cos C • 



tan § (A-B) = ^^^ cot i C 



=- r/ a2 + b2-2 ab cos C = ^ ^^^.^ 
^ sm A 



Area 



Area = § ab sin C 



a2 = b2 + c2— 2bc cos A, b2=a2 + c2— 2 a c cos B c2 = as + b2— 2 ab cos C 



353 



CARNEQIE STEEL COMPANY 




AREA OF CIRCULAR SECTIONS 



Circular Sector* m o n p 

Area=^ (length of arc, m p n x radius, r) 
=area of circle x arc, m p n. in degreea 






360 

=0.0087266 X square of radius, r^.xangleof arc, mpn, in degrees 



Circular Segment, m pn, less than half circle. 

Area=area of sector, m o n p— area of triangle, m o n 

^(length of arc, m p n, x radius, r) — (radius, r, — rise, b) x chord, o 

2 

Circular Segment, m q n, smater than half circle. 

Area=area of circle— area of segment, mnp 

Circular Segrment, from Table I, pace 355. 

Given: rise, b, and chord, c. 
Area=product of rise and chord, b x c, multiplied by the 

coefficient given opposite the quotient of — : 

Intermediate coefficients for values of -^ not given 

c 

in tables are obtained by interpolation. 

Example— Given: rise =1.49 and chord =3.52, 

b 1.49 

c 



= 0.4233. Coefficient = 0.7542. 



■ 3.52 
Area=b x c x coeflf.=1.49 x 3.52 x 0.7542=3.9566. 

Circular Segment, from Table II, pages 356 and 357. 

Given: rise, b, and diameter, d = 2r. 
Area=square of diameter, d^, multiplied by the 

coefficient given opposite the quotient of -r-. 

Intermediate coefficients for values of -t- not given 

in tables are obtained by interpolation. 
Example — Given: rise =2^16 and diameter =5%a. 

^ =27A« -?- 6%2== 0.478628. 

Coefficient by interpolation =0.371233. 
Area=daxcoeff. = 26.94629 x 0.371233 = 9.6321. 




Circular Zone, tuwv 

Area=area of circle — (area of segment, t p u + area of segment, v q w). 

Circular Lune, m p n s 
Area=segment, m p n —segment, m s n. 
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MENSURATION TABLES 



AREAS OF CIRCULAR SEGMENTS 
Tablb 1 — Fob Ratios of Rise and Chobd 












Area=«Cxb 


X coefficient 










A** 


Coeffi. 


b 


A*' 


Coeffi- 


h 


A*' 


Coeffi- 


b 


A° 
136 


Coeffi- 


b 


cient 


C 


cient 


-u 


cient 


C 


cient 


C 


1 


.6667 


.0022 


46 


.6722 


.1017 


91 


.6895 


.2097 


.7239 


.3373 


2 


.6667 


.0044 


47 


.6724 


.1040 


92 


.6901 


.2122 


137 


.7249 


.3404 


3 


.6667 


.0066 


48 


.6727 


.1063 


93 


.6906 


.2148 


138 


.7260 


.3436 


4 


.6667 


.0087 


49 


.6729 


.1086 


94 


.6912 


.2174 


139 


.7270 


.3469 


5 


.6667 


.0109 


50 


.6732 


.1109 


95 


.6918 


.2200 


140 


.7281 


.3501 


6 


.6667 


.0131 


51 


.6734 


.1131 


96 


.6924 


.2226 


141 


.7292 


.3634 


7 


.6668 


.0153 


52 


.6737 


.1154 


97 


.6930 


.2252 


142 


.7303 


.3567 


8 


.6668 


.0175 


53 


.6740 


.1177 


98 


.6936 


.2279 


143 


.7314 


.3600 


9 


.6669 


.0197 


54 


.6743 


.1200 


99 


.6942 


.2305 


144 


.7326 


.3633 


10 


.6670 


.0218 


55 


.6746 


.1224 


100 


.6948 


.2332 


145 


.7336 


.3666 


11 


.6670 


.0240 


56 


.6749 


.1247 


101 


.6954 


.2358 


146 


.7348 


.3700 


12 


.6671 


.0202 


67 


.6752 


.1270 


102 


.6961 


.2385 


147 


.7360 


.3734 


i 13 


.6672 


.0284 


58 


.6765 


.1293 


103 


.6967 


.2412 


148 


.7372 


.3768 


14 


.6672 


.0306 


59 


.6758 


.1316 


104 


.6974 


.2439 


149 


.7384 


.3802 


15 


.6673 


.0328 


60 


.6761 


.1340 


105 


.6980 


.2466 


150 


.7396 


.3837 


16 


.6674 


.0350 


61 


.6764 


.1363 


106 


.6987 


.2493 


151 


.7408 


.3871 


17 


.6674 


.0372 


62 


.6768 


.1387 


107 


.6994 


.2520 


152 


.7421 


.3906 


18 


.6675 


.0394 


63 


.6771 


.1410 


108 


.7001 


.2548 


153 


.7434 


.3942 


10 


.6676 


.0416 


64 


.6776 


.1434 


109 


.7008 


.2575 


154 


.7447 


.3977 


20 


.6677 


.0437 


65 


.6779 


.1457 


110 


.7015 


.2603 


155 


.7460 


.4013 


21 


.6678 


.0459 


66 


.6782 


.1481 


111 


.7022 


.2631 


156 


.7473 


.4049 


22 


.6679 


.0481 


67 


.6786 


.1505 


112 


.7030 


.2669 


157 


.7486 


.4085 


23 


.6680 


.0504 


68 


.6790 


.1529 


113 


.7037 


.2687 


158 


.7500 


.4122 


24 


.6681 


.0526 


69 


.6794 


.1563 


114 


.7045 


.2715 


159 


.7614 


.4159 


25 


.6682 


.0548 


70 


.6797 


.1577 


115 


.7052 


.2743 


160 


.7528 


.4196 


26 


.6684 


.0570 


71 


.6801 


.1601 


116 


.7060 


.2772 


161 


.7642 


.4233 


27 


.6685 


.0592 


72 


.6805 


.1625 


117 


.7068 


.2800 


162 


.7557 


.4270 


28 


.6687 


.0614 


73 


.6809 


.1649 


118 


.7076 


.2829 


163 


.7571 


.4308 


29 


.6688 


.0636 


74 


-.6814 


.1673 


119 


.7084 


.2858 


164 


.7586 


.4346 


30 


.6690 


.0658 


75 


.6818 


.1697 


120 


.7092 


.2887 


■165 


.7601 


.4385 


31 


.6691 


.0681 


76 


.6822 


.1722 


121 


.7100 


.2916 


166 


.7616 


.4424 


32 


.6693 


.0703 


77 


.6826 


.1746 


122 


.7109 


.2945 


167 


.7632 


.4463 


33 


.6694 


.0725 


78 


.6831 


.1771 


123 


.7117 


.2975 


168 


.7648 


.4602 


34 


.6696 


.0747 


79 


.6835 


.1795 


124 


.7126 


.3004 


169 


.7664 


.4642 


35 


.6698 


.0770 


80 


.6840 


.1820 


125 


.7134 


.3034 


170 


.7680 


.4582 


36 


.6700 


.0792 


81 


.6844 


.1845 


126 


.7143 


.3064 


171 


.7696 


.4622 


37 


.6702 


.0814 


82 


.6849 


.1869 


127 


.7152 


.3094 


172 


.7712 


.4663 


38 


.6704 


.0837 


83 


.6854 


.1894 


128 


.7161 


.3124 


173 


.7729 


.4704 


39 


.6706 


.0859 


84 


.6859 


.1919 


129 


.7170 


.3155 


174 


.7746 


.4745 


40 


.6708 


.0882 


85 


.6864 


.1944 


130 


.7180 


.3185 


175 


.7763 


.4787 


41 


' .6710 


.0904 


86 


.6869 


.1970 


131 


.7189 


.3216 


176 


.7781 


.4828 


42 


.6712 


.0927 


87 


.6874 


.1995 


132 


.7199 


.3247 


177 


.7799 


.4871 


43 


.6714 


.0949 


88 


.6879 


.2020 


133 


.7209 


.3278 


178 


.7817 


.4914 


44 


, .6717 


.0972 


89 


.6884 


.2046 


134 


.7219 


.3309 


179 


.7835 


.4967 


45 


.6719 


.0995 


90 


.6890 


.2071 


135 


.7229 


.3341 


180 


.7864 


.5000 
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AREAS OF CIRCULAR SEGMENTS 
Table II, fob Ratios of Rise and Diameter 









/ 


^ 




\ 


• 










h 


Diameter, d 


-A 








Area=da x Coefficient 




b 


Coefficient 


b 

a" 


Coefficient 


! b 
T 


Coefficient 


b 


Coefficient 


' b 
d 


Coefficient 


.001 


.000042 


.051 


.015119 


.101 


.041477 


.151 


.074590 


.201 


.112625 


.002 


.000119 


.052 


.015561 


.102 


.042081 


.152 


.075307 


.202 


.113427 


.003 


.000219 


.053 


.016008 


.103 


.042687 


.153 


.076026 


.203 


.114231 


.004 


.000337 


.054 


.016458 


.104 


.043296 


.154 


.076747 


.204 


.115036 


.005 


.000471 


.055 


.016912 


.105 


.043908 


.155 


.077470 


.205 


.115842 


.006 


.000619 


.056 


.017369 


.106 


.044523 


.156 


.078194 


.206 


.116651 


.007 


.000779 


.057 


.017831 


.107 


.045140 


.157 


.078921 


.207 


.117460 


.008 


.000952 


.058 


.018297 


.108 


.045759 


.158 


.079650 


.208 


.118271 


.009 


.001135 


.059 


.018766 


.109 


.046381 


.159 


.080380 


.209 


.119084 


.010 


.001329 


.060 


.019239 


.110 


.047006 


.160 


.081112 


.210 


.119898 


.011 


.001533 


.061 


.019716 


.111 


.047633 


.161 


.081847 


.211 


.120713 


.012 


.001746 


.062 


.020197 


.112 


.048262 


.162 


.082582 


.212 


.121530 


.013 


.001969 


.063 


.020681 


.113 


.048894 


.163 


.083320 


.213 


.122348 


.014 


.002199 


.064 


.021168 


.114 


.049529 


.164 


.084060 


.214 


.123167 


.015 


.002438 


.065 


.021660 


.115 


.050165 


.165 


.084801 


.215 


.123988 


.016 


.002685 


.066 


.022155 


.116 


.050805 


.166 


.085545 


.216 


.124811 


.017 


.002940 


.067 


.022653 


.117 


.051446 


.167 


.086290 


.217 


.125634 


.018 


.003202 


.008 


.023155 


.118 


.052090 


.168 


.087037 


.218 


.126459 


.019 


.003472 


.069 


.023660 


.119 


.052737 


.169 


.087785 


.219 


.127286 


.020 


.003749 


.070 


.024168 


.120 


.053385 


.170 


.088536 


.220 


.128114 


.021 


.004032 


.071 


.024680 


.121 


.054037 


.171 


.089288 


.221 


.128943 


.022 


.004322 


.072 


.025196 


.122 


.054690 


.172 


.090042 


.222 


.129773 


.023 


.004619 


.073 


.025714 


.123 


.055346 


.173 


.090797 


.223 


.130605 


.024 


.004922 


.074 


.026236 


.124 


.056004 


.174 


.091555 


.224 


.131438 


.025 


.005231 


.075 


.026761 


.125 


.056664 


.175 


.092314 


.225 


.132273 


.026 


.005546 


.076 


.027290 


.126 


.057327 


.176 


.093074 


.226 


.133109 


.027 


.005867 


.077 


.027821 


.127 


.057991 


.177 


.093837 


.227 


.133946 


.028 


.006194 


.078 


.028356 


.128 


.058658 


.178 


.094601 


.228 


.134784 


.029 


.006527 


.079 


.028894 


.129 


.059328 


.179 


.095367 


.229 


.135624 


.030 


.006866 


.080 


.029435 


.130 


.059999 


.180 


.096135 


.230 


.136465 


.031 


.007209 


.081 


.029979 


.131 


.060673 


.181 


.096904 


.231 


.137307 


.032 


.007559 


.082 


.030526 


.132 


.061349 


.182 


.097675 


.232 


.138151 


.033 


.007913 


.083 


.031077 


.133 


.062027 


.183 


.098447 


.233 


.138996 


.034 


.008273 


.084 


.031630 


.134 


.062707 


.184 


.099221 


.234 


.139842 


.035 


.008638 


.085 


.032186 


.135 


.063389 


.185 


.099997 


.235 


.140689 


.036 


.009008 


.086 


.032746 


.136 


.064074 


.186 


.100774 


.236 


.141538 


.037 


.009383 


.087 


.033308 


.137 


.064761 


.187 


.101553 


.237 


.142388 


.038 


.009764 


.088 


.033873 


.138 


.065449 


.188 


.102334 


.238 


.143239 


.039 


.010148 


.089 


.034441 


.139 


.066140 


.189 


.103116 


.239 


.144091 


.040 


.010538 


.090 


.035012 


.140 


.066833 


.190 


.103900 


.240 


.144945 


.041 


.010932 


.091 


.035586 


.141 


.067528 


.191 


.104686 


.241 


.145800 


.042 


.011331 


.092 


.036162 


.142 


.068225 


.192 


.105472 


.242 


.146656 


.043 


.011734 


.093 


.036742 


.143 


.068924 


.193 


.106261 


.243 


.147513 


.044 


.012142 


.094 


.037324 


.144 


.069626 


.194 


.107051 


.244 


.148371 


.045 


.012555 


.096 


.037909 


.145 


.070329 


.195 


.107843 


.245 


.149231 


.046 


.012971 


.096 


.038497 


.146 


.071034 


.196 


.108636 


.246 


.150091 


.047 


.013393 


.097 


.039087 


.147 


.071741 


.197 


.109431 


.247 


.150953 


.048 


.013818 


.098 


.039681 


.148 


.072450 


.198 


.110227 


.248 


.151816 


.049 


.014248 


.099 


.040277 


.149 


.073162 


.199 


.111025 


.249 


.152681 


.050 


.014681 


.100 


.040875 


.150 


.073875 


.200 .11182411 


.250 


.153546 
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AREAS OF CIRCULAR SEGMENTS 






Tabt*t5 II, For Ratios 

/ 


\ OF RiSB AND 


DiAME TBR — Concluded 

Ik 








r- 


— DUmeter.d 


.A 


.y 




Area=d2 x coefficient 


b 
d 


Coefficient 


b 
d 


Coefficient 


b 

T 


Coefficient 


b 

r 


Coefficient 


b 

d 


Coefficient 


.251 


.154413 


.301 


.199085 


.351 


.245935 


.401 


.294350 


.451 


.343778 


.252 


.155281 


.302 


.200003 


.352 


.246890 


.402 


.295330 


.452 


.344773 


.253 


.156149 


.303 


.200922 


.353 


.247845 


.403 


.296311 


.453 


.345768 


.254 


.157019 


.304 


.201841 


.354 


.248801 


.404 


.297292 


.454 


.346764 


.255 


.157891 


.305 


.202762 


.355 


.249758 


.405 


.298274 


.455 


.347760 


.256 


.158763 


.306 


.203683 


.356 


.250715 


.406 


.299256 


.456 


.348756 


.257 


.159636 


.307 


.204605 


.357 


.251673 


.407 


.300238 


.457 


.349752 


.258 


.160511 


.308 


.205528 


.368 


.252632 


.408 


.301221 


.458 


.350749 


.259 


.161386 


.309 


.206452 


.359 


.253591 


.409 


.302204 


.459 


.351745 


.260 


.162263 


.310 


.207376 


.360 


.254551 


.410. 


.303187 


.460 


.352742 


.261 


.163141 


.311 


.208302 


.361 


.255511 


.411 


.304171 


.461 


.353739 


.262 


.164020 


.312 


.209228 


.362 


.256472 


.412 


.305156 


.462 


.354736 


.263 


.164900 


.313 


.210155 


.363 


.257433 


.413 


.306140 


.463 


.355733 


.264 


.165781 


.314 


.211083 


.364 


.258395 


.414 


.307125 


.464 


.356730 


.265 


.166663 


.315 


.212011 


.365 


.259358 


.415 


.308110 


.465 


.357728 


.266 


.167546 


.316 


.212941 


.366 


.260321 


.416 


.309096 


.466 


.358725 


.267 


.168431 


.317 


.213871 


.367 


.261285 


.417 


.310082 


.467 


.359723 


.268 


.169316 


.318 


.214802 


.368 


.262249 


.418 


.311068 


.468 


.360721 


.269 


.170202 


.319 


.215734 


.369 


.263214 


.419 


.312055 


.469 


.361719 


.270 


.171090 


.320 


.216666 


.370 


.264179 


.420 


.313042 


.470 


.362717 


.271 


.171978 


.321 


.217600 


.371 


.265145 


.421 


.314029 


.471 


.363715 


.272 


.172868 


.322 


.218534 


.372 


.266111 


.422 


.315017 


.472 


.364714 


.273 


.173758 


.323 


.219469 


.373 


.267078 


.423 


.316005 


.473 


.365712 


.274 


.174650 


.324 


.220404 


.374 


.268046 


.424 


.316993 


.474 


.366711 


.275 


.175542 


.325 


.221341 


.375 


.269014 


.425 


.317981 


.475 


.367710 


.276 


.176436 


.326 


.222278 


.376 


.269982 


.426 


.318970 


.476 


.368708 ■ 


.277 


.177330 


.327 


.223216 


.377 


.270951 


.427 


.319969 


.477 


.369707 


.278 


.178226 


.328 


.224154 


.378 


.271921 


.428 


.320949 


.478 


.370706 


.279 


.179122 


.329 


.225094 


.379 


.272891 


.429 


.321938 


.479 


.371705 


.280 


.180020 


.330 


.226034 


.380 


1273861 


.430 


.322928 


.480 


.372704 


.281 


.180918 


.331 


.226974 


.381 


.274832 


.431 


.323919 


.481 


.373704 


.282 


.181818 


.332 


.227916 


.382 


.275804 


.432 


.324909 


.482 


.374703 


.283 


.182718 


.333 


.228858 


.383 


.276776 


.433 


.325900 


.483 


.375702 


.284 


.183619 


.334 


.229801 


.384 


.277748 


.434 


.326891 


.484 


.376702 


.285 


.184522 


.335 


.230745 


.385 


.278721 


.435 


.327883 


.485 


.377701 


.286 


.185425 


.336 


.231689 


.386 


.279695 


.436 


.328874 


.486 


.378701 


.287 


.186329 


.337 


.232634 


.387 


.280669 


.437 


.329866 


.487 


.379701 


.288 


.187235 


.338 


.233580 


.388 


.281643 


.438 


.330858 


.488 


.380700 


.289 


.188141 


.339 


.234526 


.389 


.282618 


.439 


.331851 


.489 


.381700 


.290 


.189048 


.340 


.235473 


.390 


.283593 


.440 


.332843 


.490 


.382700 


.291 


.189956 


.341 


.236421 


.391 


.284569 


.441 


.333836 


.491 


.383700 


.292 


.190865 


.342 


.237369 


.392 


.285545 


.442 


.334829 


.492 


.384699 


.293 


.191774 


.343 


.238319 


.393 


.286521 


.443 


.335823 


.493 


.385699 


.294 


.192685 


.344 


.239268 


.394 


.287499 


.444 


.336816 


.494 


.386699 


.295 


.193597 


.345 


.240219 


.395 


.288476 


.445 


.337810 


.495 


.387699 


.296 


.194509 


.346 


.241170 


.396 


.289454 


.446 


.338804 


.496 


.388699 


.297 


.195423 


.347 


.242122 


.397 


.290432 


.447 


.339799 


.497 


.389699 


.298 


.196337 


.348 


.243074 


.398 


.291411 


.448 


.340793 


.498 


.390699 


.299 


.197252 


.349 


.244027 


.399 


.292390 


.449 


.341788 


.499 


.391699 


.300 


.198168 


.350 


.244980 


.400 


.293370 


.450 


.342783 


.600 


.392699 
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SURFACE AND VOLUME OF SOLIDS 
S=Latebal or Convex Surface. V=Volumb 

'^ Parallelopiped 

-iC S=periineter, P, perp. to sides xlat. length, 1: 
J V=area of base, B x perpendicular height, h: 
V=:area of section. A, perp. to sides x lat. length, 1 : 

Prism, Riflrht or Oblique, Beffalar or Irresnlar 

S=perimeter, P, perp. to sides x lat. length, 1: 
V=area of base, B x perpendicular height, h: 
V=areat)f section, A, perp, to sides x lat. length, 1 : 




PI 

Bh 

Al 



PI 
Bh 
Al 








1^3^ 



I* — a — * 







Cylinder; Ri^ht or Oblique, Circular or Elliptic, etc. 

S =perimeter of base, O x perp. height, h : Oh 

S=perimeter, P, perp. to sides xlat. length, 1: PI 

V=area of base, B x perpendicular height, h: Bh 

V=area of section, A, perp. to sides x lat. length, 1 : Al 



Frustum of any Prism or Cylinder 

V=area of base, B x perp. distance, h. from base 
r. , to center of gravity of opposite face: Bh 

'% For cyUnder : H A (U + la) 



Pyramid or Cone, Risrht and Resrular 

S=perimeter of base, B x H slant height, 1: % Bl 
V=area of base, B x H perp. height, h: % Bh 

Pyramid or Cone, Riflrht or Oblique, Regular or Irrearular 

V=area of base. BxVs perp. height, h: H Bh 

V=Vi volume of prism or cylinder of same base 

and perpendicular height 
V=^ voliune of hemisphere of same base and 

perpendicular height 

Frustum of Pyramid or Cone, Right and Regular, 

Parallel Ends 

S=(sum of perimeter of base, B, and top, b) x% slant 
height, 1: HI (B + b) 

V=(sum of areas of base, B, and top, b + square 
root of their products) x% perp. height, h: 

:^ h (B + b + -/"FbT) 

Frustum of any Pyramid or Cone, Parallel Ends 

V=(sum of areas of base, B, and top, b + square 
root of their products) x % perp. hei^t, h: 

% h (B + b + i/"5T") 

Wedge, Parallelogram Face 

V=% (siun of three edges, aba x perpendicular 
height, h x perpendicular width, d) : 

V6dh(2a + b) 

Prismatoid 

Vs=% perp. height, h (sum of areas of base, B, and top 
b, + 4 X area of section, M, parallel to bases 
and midway between them) : 

H h (B + b + 4 M) 

The Prismatoid formula applies also to any of 

the foregoing solids with parallel bases, to pyramids. 

cones, spherical sections, and to many solids with 

irregular siu^ace^. 
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SURFACE AND VOLUME OF SOLIDS— Concluded 
S=Lateral or Convex Surface. V=Volume 




I I 

•4 c *< 




S=4irr2 



Sphere 

X da = 3.14159265 da 
Va X d« = 0.52369878 d« 

Spherical Sector 



8=^3 irr (4 b + c) 
V=25'8 IT ra b 

Spherical Segment 

8=2 IT r b = ^i X (4 ba + ca) 

V =V8-r bg (3r-b j = V24 rr b (3 ca + 4 ba ) 

Spherical Zone 

S =2 IT r b 

y=V24. «■ b (3 aa + 3 c3 + 4 ba) 



S=4 ira Rr 
V=2 ira R ra 



Cirealar Rinff 



Unffula of Riffht, Regular Cylinder 



Base=8egment, b a b 



Base=Half Circle 
S=2rh 



S =(2 r m-o x arc, b a b) p_Q 

V=(% m8-o X area, b a b) -jz^ V=% ra h 

Base=Segment. c a c Base=Circle 

S=(2r n + p X arc, c a c) ^ ^ p S=r ir h 

V=ya ra IT h 



y=(% ns + p X area, c a c) 7"+p" 

Ellipsoid 

V=ir6irrab 



V=^^3 T ra h 



Paraboloid 



Ratio of corresponding volumes of a Cone, Parabo- 
loid, Sphere, and Cylinder of equal height: %:%:%: 1 

Bodies Generated hy Partial or Complete Rerolntion 

1 =length of a curve ) rotating about an axis 1-1 
A==area of a plane > on one side and in plane of axis 
r =distance of center of gravity of line or plane from 
axis 1-1 and for any angle of revolution, a**, 

=lengthof arc described by center of gravity. 



2rira° 

360 
S=length of curve x length of arc about axis 

—1 ^ ^^^° For complete revolution S= 2r xl 

y=rarea of plane x length of arc about axis 



=A 



2rTra' 
360 



For complete revolution V= 2 rir A 
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• 


Functions of Numbers, 1 to 49 




No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No.= 


Diameter 


Circum. 


Area ' 


1 


1 


1 


1.0000 


1.0000 


0.00000 


1000.000 


3.142 


0.7854 


2 


4 


8 


1.4142 


1.2599 


0.30103 


600.000 


6.283 


3.1416 


3 


9 


27 


1.7321 


1.4422 


0.47712 


333.333 


9.425 


7.0686 


4 


16 


64 


2.0000 


1.5874 


0.60206 


250.000 


12.566 


12.5664 


5 


25 


125 


2.2361 


1.7100 


0.69897 


200.000 


15.708 


19.6360 


6 


36 


216 


2.4495 


1.8171 


0.77815 


166.667 


18.850 


28.2743 


7 


49 


343 


2.6458 


1.9129 


0.84510 


142.857 


21.991 


38.4845 


8 


64 


612 


2.8284 


2.0000 


0.90309 


126.000 


25.133 


60.2655 





81 


729 


3.0000 


2.0801 


0.96424 


111.111 


28.274 


63.6173 


10 


100 


1000 


3.1623 


2.1544 


1.00000 


100.000 


31.416 


78.5398 


11 


121 


1331 


3.3166 


2.2240 


1.04139 


90.9091 


34.658 


95.0332 


12 


144 


1728 


3.4641 


2.2894 


1.07918 


83.3333 


37.699 


113.097 


13 


169 


2197 


3.6056 


2.3513 


1.11394 


76.9231 


40.841 


132.732 


14 


196 


2744 


3.7417 


2.4101 


1.14613 


71.4286 


43.982 


163.938 


15 


225 


3375 


3.8730 


2.4662 


l.t760a^ 


66.6667 


47.124 


176.715 


16 


256 


4096 


4.0000 


2.5198 


1.20412 


62.6000 


60.266 


201.062 


17 


289 


4913 


4.1231 


2.5713 


1.23046 


68.8236 


63.407 


226.980 


18 


324 


5832 


4.2426 


2.6207 


1.26627 


55.5666 


56.549 


254.469 


19 


361 


6859 


4.3589 


2.6684 


1.27876 


52.6316 


59.690 


283.529 


20 


400 


8000 


4.4721 


2.7144 


1.30103 


50.0000 


62.832 


314.159 


21 


441 


9261 


4.5826 


2.7589 


1.32222 


47.6190 


65.973 


346.361 


22 


484 


10648 


4.6904 


2.8020 


134242 


46.4545 


69.115 


380.133 


23 


529 


12167 


4.7958 


2.8439 


1.36173 


43.4783 


72.267 


415.476 


24 


576 


13824 


4.8990 


2.8845 


1.38021 


41.6667 


76.398 


452.389 


25 


625 


16625 


5.0000 


2.9240 


1.39794 


40.0000 


78.640 


490.874 


26 


676 


17576 


5.0990 


2.9625 


1.41497 


38.4616 


81.681 


530.929 


27 


729 


19683 


5.1962 


3.0000 


1.43136 


37.0370 


84.823 


572.655 


28 


784 


21952 


5.2915 


3.0366 


1.44716 


35.7143 


87.966 


615.752 . 


29 


841 


24389 


5.3852 


3.0723 


1.46240 


34.4828 


91.106 


660.620 


30 


900 


27000 


5.4772 


3.1072 


1.47712 


33.3333 


94.248 


706.858 


31 


961 


29791 


5.5678 


3.1414 


1.49136 


32.2581 


97.389 


754.768 


32 


1024 


32768 


5.6569 


3.1748 


1.50515 


31.2500 


100.531 


804.248 


33 


1089 


35937 


5.7446 


3.2075 


1.^1861 


30.3030 


103.673 


855.299 


34 


1156 


39304 


5.8310 


3.2396 


1.53148 


29.4118 


106.814 


907.920 


35 


1225 


42875 


5.9161 


3.2711 


1.54407 


28.5714 


109.966 


962.113 


36 


1296' 


46656 


6.0000 


3.3019 


1.56630 


27.7778 


113.097 


1017.88 


37 


1369 


50653 


6.0828 


3.3322 


1.66820 


27.0270 


116.239 


1076.21 


38 


1444 


54872 


6.1644 


3.3620 


1.57978 


26.3168 


119.381 


1134.11 


39 


1521 


69319 


6.2460 


3.3912 


1.59106 


26.6410 


122.622 


1194.69 


40 


1600 


64000 

I 


6.3246 


3.4200 


1.60206 


25.0000 


126.66 


1256.64 


41 


1681 


68921 


6.4031 


3.4482 


1.61278 


24.3902 


128.81 


1320.25 


42 


1764 


74088 


6.4807 


3.4760 


1.62325 


23.8095 


131.96 


1385.44 


43 


1849 


79507 


6.5574 


3.5034 


1.63347 


23.2668 


135.09 


1462.20 


44 


1936 


85184 


6.6332 


3.5303 


1.64345 


22.7273 


138.23 


1520.63 


45 


2P25 


91125 


6.7082 


3.5569 


1.65321 


22.2222 


141.37 


1590.43 


46 


2116 


97336 


6.7823 


3.5830 


1.66276 


21.7391 


144.61 


1661.90 


47 


2209 


103823 


6.8557 


3.6088 


1.67210 


21.2766 


147.66 


1734.94 


48 


2304 


110692 


6.9282 


3.6342 


1.68124 


20.8333 


160.80 


1809.56 


49 


2401 


117649 


7.0000 


3.6593 


1.69020 


20.4082 


153.94 


1885.74 
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Functions op Numbers 50 to 99 



^Y 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

z 

Reciprocal 


No.— 


Diameter 


No. 


CSicum. 


Area 


50 


2600 


125000 


7.0711 


3.6840 


1.69897 


20.0000 


167.08 


1963.50 


51 


2601 


132661 


7.1414 


3.7084 


1.70757 


19.6078 


160.22 


2042.82 


52 


2704 


140608 


7.2111 


3.7325 


1.71600 


19.2308 


163.36 


2123.72 


63 


2809 


148877 


7.2801 


3.7563 


1.72428 


18.8679 


166.60 


2206.18 


54 


2916 


157464 


7.3486 


3.7798 


1.73239 


18.5185 


169.66 


2290.22 


65 


3025 


166376 


7.4162 


3.8030 


1.74036 


18.1818 


172.79 


2375.83 


56 


3136 


176616 


7.4833 


3.8259 


1.74819 


17.8671 


176.93 


2463.01 


57 


3249 


185193 


7.6498 


3.8486 


1.75587 


17.6439 


179.07 


2661.76 


58 


3364 


196112 


7.6168 


3.8709 


1.76343 


17.2414 


182.21 


2642.08 


59 


3481 


206379 

• 


7.6811 


3.8930 


1.77086 


16.9492 


185.36 


2733.97 


60 


3600 


216000 


7.7460 


3.9149 


1.77816 


16.6667 


188.60 


2827.43 


61 


3721 


226981 


7.8102 


3.9366 


1.78633 


16.3934 


191.64 


2922.47 


62 


3844 


238328 


7.8740 


3.9579 


1.79239 


16.1290 


194.78 


3019.07 


63 


3969 


260047 


7.9373 


3.9791 


1.79934 


15.8730 


197.92 


3117.25 


64 


4096 


262144 


8.0000 


4.0000 


1.80618 


16.6260 


201.06 


3216.99 


65 


4226 


274625 


8.0623 


4.0207 


1.81291 


16.3846 


204.20 


3318.31 


66 


4356 


287496 


8.1240 


4.0412 


1.81964 


16.1516 


207.36 


3421.19 


67 


4489 


300763 


8.1864 


4.0616 


1.82607 


14.9264 


210.49 


3626.65 


68 


4624 


314432 


8.2462 


4.0817 


1.83251 


14.7059 


213.63 


3631.68 


60 


4761 


328509 


8.3066 


4.1016 


1.83885 


14.4928 


216.77 


3739.28 


70 


4900 


343000 


8.3666 


4.1213 


1.84510 


14.2867 


219.91 


3848.46 


71 


6041 


367911 


8.4261 


4.1408 


1.85126 


14.0845 


223.06 


3969.19 


72 


6184 


373248 


8.4863 


4.1602 


1.86733 


13.8889 


226.19 


4071.50 


73 


6329 


389017 


8.6440 


4.1793 


1.86332 


13.6986 


229.34 


4186.39 


74 


6476 


406224 


8.6023 


4.1983 


1.86923 


13.5136 


232.48 


4300.84 


76 


6625 


421876 


8.6603 


4.2172 


1.87506 


13.3333 


236.62 


4417.86 


76 


6776 


438976 


8.7178 


4.2358 


1.88081 


13.1679 


238.76 


4636.46 


77 


6929 


456633 


8.7760 


4.2643 


1.88649 


12.9870 


241.90 


4666.63 


7ar 


6084 


474552 


8.8318 


4.2727 


1.89209 


12.8205 


245.04 


4778.36 


79 


6241 


493039 


8.8882 


4.2908 


1.89763 


12.6582 


248.19 


4901.67 


80 


6400 


512000 


8.9443 


4.3089 


1.90309 


12.5000 


251.33 


6026.65 


81 


6561 


631441 


9.0000 


4.3267 


1.90849 


12.3457 


264.47 


6163.00 


82 


6724 


561368 


9.0554 


4.3446 


1.91381 


12.1951 


257.61 


5281.02 


83 


6889 


571787 


9.1104 


4.3621 


1.91908 


12.0482 


260.75 


6410.61 


84 


7066 


692704 


9.1652 


4.3795 


1.92428 


11.9048 


263.89 


5541.77 


86 


7226 


614125 


9.2195 


4.3968 


1.92942 


11.7647 


207.04 


6674.60 


86 


7396 


636056 


9.2736 


4.4140 


1.93450 


11.6279 


270.18 


6808.80 


87 


7569 


658503 


9.3274 


4.4310 


1.93952 


11.4943 


273.32 


6944.68 


88 


7744 


681472 


9.3808 


4.4480 


1.94448 


11.3636 


276.46 


6082.12 


89 


7921 


704969 


9.4340 


4.4647 


1.94939 


11.2360 


279.60 


6221.14 


90 


8100 


729000 


9.4868 


4.4814 


1.96424 


11.1111 


282.74 


6361.73 


91 


8281 


753571 


9.6394 


4.4979 


1.96904 


10.9890 


286.88 


6503.88 


92 


8464 


778688 


9.5917 


4.6144 


1.96379 


10.8696 


289.03 


6647.61 


93 


8649 


804357 


9.6437 


4.5307 


1.96848 


10.7627 


292.17 


6792.91 


94 


8836 


830584 


9.6954 


4.6468 


1.97313 


10.6383 


295.31 


6939.78 


95 


9026 


867375 


9.7468 


4.5629 


1.97772 


10.5263 


298.46 


7088.22 


96 


9216 


884736 


9.7980 


4.6789 


1.98227 


10.4167 


301.69 


7238.23- 


97 


9409 


912673 


9.8489 


4.6947 


1.98677 


10.3093 


304.73 


7389.81 


98 


9604 


941192 


9.8996 


4.6104 


1.99123 


10.2041 


307.88 


7642.96 


99 


9801 


970299 


9.9499 


4.6261 


1.99564 


10.1010 


311.02 


7697.69 
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Functions op Numbers, 100 to 149 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. — Diameter 


Circnm. 


Area 


100 


10000 


1000000 


10.0000 


4.6416 


2.00000 


10.0000 


314.16 


7853.98 


101 


10201 


1030301 


10.0499 


4.6570 


2.00432 


9.90099 


317.30 


8011.85 


102 


10404 


1061208 


10.0995 


4.6723 


2.00860 


9.80392 


320.44 


8171.28 


103 


10609 


1092727 


10.1489 


4.6875 


2.01284 


9.70874 


323.58 


8332.29 


104 


10816 


1124864 


10.1980 


4.7027 


2.01703 


9.61538 


326.73 


8494.87 


105 


y025 


1157625 


10.2470 


4.7177 


2.02119 


9.52381 


329.87 


8659.01 


106 


ii23er 


1191016 


10.2956 


4.7326 


2.02531 


9.43396 


333.01 


8824.73 


107 


11449 


1225043 


10.3441 


4.7475 


2.02938 


9.34579 


336.15 


8992.02 


108 


11664 


1259712 


10.3923 


4.7622 


2.03342 


9.25926 


339.29 


9160.88 


109 


11881 


1295029 


10.4403 


4.7769 


2.03743 


9.17431 


342.43 


9331.32 


110 


12100 


1331000 


10.4881 


4.7914 


2.04139 


9.09091 


346.58 


9503.32 


111 


12321 


1367631 


10.5357 


4.8059 


2.04532 


9.00901 


348.72 


9676.89 


112 


12544 


1404928 


10.5830 


4.8203 


2.04922 


8.92857 


351.86 


9862.03 


113 


12769 


1442897 


10.6301 


4.8346 


2.05308 


8.84956 


355.00 


10028.7 


114 


12996 


1481544 


10.6771 


4.8488 


2.05690 


8.77193 


358.14 


10207.0 


116 


13225 


1520J375 


10.7238 


4.8629 


2.06070 


8.69565 


361.28 


10386.9 


116 


13456 


1560896 


10.7703 


4.8770 


2^06446 


8.62069 


364.42 


10568.3 


117 


13689 


1601613 


10.8167 


4.8910 


2.06819 


8.54701 


367.57 


10751.3 


118 


13924 


1643032 


10.8628 


4.9049 


2.07188 


8.47458 


370.71 


10935.9 


110 


14161 


1685159 


10.9087 


4.9187 


2.07555 


8.40336 


373.85 


11122.0 


120 


14400 


172800Q 


10.9545 


4.9324 


2.07918 


8.33333 


376.99 


11309.7 


121 


14641 


1771561 


11.0000 


4.9461 


2.08279 


8.26446 


380.13 


11499.0 


122 


14884 


1815848 


11.0454 


4.9597 


2.08636 


8.19672 


383.27 


11689.9 


123 


15129 


1860867 


11.0905 


4.9732 


2.08991 


8.13008 


386.42 


11882.3 


124 


15376 


1906624 


11.1355 


4.9866 


2.09342 


8.06452 


389.56 


12076.3 


125 


15625 


1953125 


11.1803 


6.0000 


2.09691 


8.00000 


392.70 


12271.8 


126 


15876 


2000376 


11.2250 


6.0133 


2.10037 


7.93651 


395.84 


12469.0 


127 


16129 


2048383 


11.2694 


6.0265 


2.10380 


7.87402 


398.98 


12667.7 


128 


16384 


2097152 


11.8137 


6.0397 


2.10721 


7.81250 


402.12 


12868.0 


129 


16641 


2146689 


11.3578 


6.0528 


2.11059 


7.75194 


405.27 


13069.8 


130 


16900 


2197000 


11.4018 


5.0658 


2.11394 


7.69231 


408.41 


13273.2 


131 


17161 


2248091 


11.4455 


5.0788 


2.11727 


7.63359 


411.65 


13478.2 


132 


17424 


2299968 


11.4891 


5.0916 


2.12057 


7.57576 


414.69 


13684.8 


133 


17689 


2352637 


11.5326 


5.1045 


2.12385 


7.51880 


417.83 


13892.9 


134 


17956 


2406104 


11.5758 


5.1172 


2.12710 


7.46269 


420.97 


14102.6 


135 


18225 


2460375 


11.6190 


5.1299 


2.13033 


7.40741 


424.12 


14313.9 


136 


18496 


2515456 


11.6619 


5.1426 


2.13354 


7.35294 


427.26 


14526.7 


137 


18769 


2571353 


11.7047 


6.1551 


2.13672 


7.29927 


430.40 


14741.1 


138 


19044 


2628072 


11.7473 


5.1676 


2.13988 


7.24638 


433.54 


14967.1 


139 


19321 


2685619 


11.7898 


5.1801 


2.14301 


7.19424 


436.68 


16174.7 


140 


19600 


2744000 


11.8322 


5.1926 


2.14613 


7.14286 


439.82 


15393.8 


141 


19881 


2803221 


11.8743 


6.2048 


2.14922 


7.09220 


442.96 


15614.5 


142 


20164 


2863288 


11.9164 


6.2171 


2.15229 


7.04225 


446,11 


15836.8 


143 


20449 


2924207 


11.9583 


6.2293 


2.15534 


6.99301 


449.25 


16060.6 


144 


20736 


2985984 


12.0000 


6.2415 


2.15836 


6.94444 


452.39 


16286.0 


145 


21025 


3048625 


12.0416 


5.2536 


2.16137 


6.89655 


455.53 


16513.0 


146 


21316 


3112136 


12.0830 


6.2656 


2.16435 


6.84932 


458.67 


16741.5 


147 


21609 


3176523 


12.1244 


6.2776 


2.16732 


6.80272 


461.81 


16971.7 


148 


21904 


3241792 


12.1656 


6.2896 


2.17026 


6.75676 


464.96 


17203.4 


149 1 22201 


3307949 


12.2066 


5.3015 


2.17319 


6.71141 


468.10 


17436.6 
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FXTNCTIONS OF NUMBERS, 150 TO 199 


■ 


No. 


Square 


Cube 


Square 
Root 


Cubic 


Logarithm 


1000 

z 


No. — Diameter 
















AlAM/V 






Reciprocal 


Cntnim. 


Area 




150 


22500 


3375000 


12.2474 


6.3133 


2.17609 


6.66667 


471.24 


17671.6 




151 


22801 


3442961 


12.2882 


6.3251 


2.17898 


6.62262 


474.38 


17907.9 




152 


23104 


3611808 


12.3288 


6.3368 


2.18184 


6.67895 


477.62 


18146.8 




153 


23409 


3681577 


12.3693 


6.3485 


2.18469 


6.53596 


480.66 


18385.4 


154 


23716 


3662264 


12.4097 


5.3601 


2.18752 


6.49351 


483.81 


18626.5 


k 


155 


24025 


3723875 


12.4499 


6.3717 


2.19033 


6.46161 


486.96 


18869.2 




156 


24336 


3796416 


12.4900 


6.3832 


2.19312 


6.41026 


490.09 


19113 4 




157 


24649 


3869893 


12.6300 


6.3947 


2.19590 


6.36943 


493.23 


19359.3 




158 


24964 


3944312 


12.6698 


6.4061 


2.19866 


6.32911 


496.37 


19606.7 




159 


25281 


4019679 


12.6095 


6.4175 


2.20140 


6.28931 


499.51 


19866.7 




160 


25600 


4096000 


12.6491 


5.4288 


2.20412 


6.26000 


602.66 


20106.2 


, 161 


25921 


4173281 


12.6886 


6.4401 


2.20683 


6.21118 


606.80 


20358.3 




162 


26244 


4261628 


12.7279 


6.4614 


2.20962 


617284 


508.94 


20612.0 




163 


26569 


4330747 


12.7671 


6.4626 


2.21219 


6.13497 


512.08 


20867.2 


» 


164 


26896 


4410944 


12.8062 


6.4737 


2.21484 


6.09766 


516.22 


21124.1 


f 


165 


27225 


4492126 


12.8462 


6.4848 


2.21748 


6.06061 


518.36 


21382.5 




166 


27566 


4574296 


12.884^ 


6.4969 


2.22011 


6.02410 


621.60 


21642.4 




167 


27889' 


4667463 


12.9228 


6.6069 


2.22272 


6.98802 


624.65 


21904.0 




168 


28224 


4741632 


12.9616 


6.6178 


2.22531 


6.96238 


627.79 


22167.1 




169 


28561 


4826809 


13.0000 


6.6288 


2.22789 


6.91716 


630.93 


22431.8 




170 


28900 


4913000 


13.0384 


6.6397 


2.23046 


6.88235 


634.07 


22698.0 




171 


29241 


6000211 


13.0767 


6.6605 


2.23300 


5.84796 


637.21 


22965.8 




172 


29584 


6088448 


13.1149 


6.6613 


2.23553 


5.81395 


640.36 


23236.2 




173 


29929 


6177717 


13.1629 


6.6721 


2.23805 


6.78035 


643.60 


23506.2 




174 


30276 


6268024 


13.1909 


5.6828 


2.24055 


6.74713 


646.64 


23778.7 




175 


30625 


6369375 


13.2288 


5.5934 


2.24304 


6.71429 


649.78 


24062.8 




176 


30976 


5461776 


13.2666 


6.6041 


2.24661 


6.68182 


662.92 


24328.5 




177 


31329 


6646233 


13.3041 


6.6147 


2.24797 


6.64972 


656.06 


24606.7 




178 


31684 


6639762 


13.3417 


6.6252 


2.26042 


6.61798 


569.20 


24884.0 




179 


32041 


6736339 


13.3791 


6.6367 


2.26286 


6.68669 


662.35 


26164.9 




180 


32400 


6832000 


13.4164 


6.6462 


2.25527 


5.66666 


666.49 


26446.9 




181 


32761 


6920741 


13.4636 


6.6667 


2.25768 


6.52486 


568.63 


25730.4 




182 


33124 


6028668 


13.4907 


6.6671 


2.26007 


6.49451 


671.77 


26015.5 




183 


33489 


6128487 


13.6277 


6.6774 


2.26246 


6.46448 


674.91 


26302.2 




184 


33856 


6229604 


13.6647 


6.6877 


2.26482 


6.43478 


678.06 


26690.4 




185 


34225 


6331626 


13.6016 


6.6980 


2.26717 


5.40541 


681.19 


26880.3 


* 


186 


34596 


6434866 


13.6382 


6.7083 


2.26951 


6.37634 


584.34 


27171.6 




187 


34969 


. 6639203 


13.6748 


6.7185 


2.27184 


5.34769 


687.48 


27464.6 




188 


35344 


6644672 


13.7113 


6.7287 


2.27416 


5.31916 


690.62 


27769.1 




189 


36721 


6761269 


13.7477 


5.7388 


2.27646 


6.29101 


693.76 


28065.2 




190 


36100 


6869000 


13.7840 


6.7489 


2.27875 


5.26316 


696.90 


28362.9 




191 


36481 


6967871 


13.8203 


6.7590 


2.28103 


6.23560 


600.04 


28652.1 




192 


36864 


7077888 


13.8664 


6.7690 


2.28330 


6.20833 


603.19 


28962.9 




193 


37249 


7189067 


13.8924 


5.7790 


2.28556 


6.18135 


606.33 


29266.3 




194 


37636 


7301384 


13.9284 


6.7890 


2.28780 


6.16464 


609.47 


29669.2 


> 


195 


38026 


7414876 


13.9642 


6.7989 


2.29003 


5.12821 


612.61 


29864.8 




196 


38416 


7629636 


14.0000 


6.8088 


2.29226 


6.10204 


615.75 


30171.9 




197 


38809 


7645373 


14.0367 


6.8186 


2.29447 


6.07614 


618.89 


30480.6 




198 


39204 


7762392 


14.0712 


6.8285 


2.29667 


6.06061 


622.04 


30790.7 




199 


39601 


7880699 


14.1067 


6.8383 


2.29886 1 6.02613 1 626.18 


31102.0 
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Functions op Numbers, 200 to 249 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. =^ Diameter 


Circum. 


Area 


200 


40000 


8000000 


14.1421 


5.8480 


2.30103 


5.00000 


628.32 


31415.9 


201 


40401 


8120601 


14.1774 


6.8578 


2.30320 


4.97512 


631.46 


31730.9 


202 


40804 


8242408 


14.2127 


6.8676 


2.30535 


4.95050 


634.60 


32047.4 


203 


41209 


8365427 


14.2478 


6.8771 


2.30750 


4.92611 


637.74 


32365.5 


204 


41616 


8489664 


14.2829 


6.8868 


2.30963 


4.90196 


640.88 


32685.1 


205 


42025 


8615125 


14.3178 


6.8964 


2.31176 


4.87805 


644.03 


33006.4 


206 


42436 


8741816 


14.3527 


6.9069 


2.31387 


4.85437 


647.17 


33329.2 


207 


42849 


8869743 


14.3875 


6.9155 


2.31597 


4.83092 


650.31 


33653.5 


208 


43264 


8998912 


14.4222 


6.9250 


2.31806 


4.80769 


653.45 


33979.5 


209 


43681 


9129329 


14.4568 


5.9346 


2.32015 


4.78469 


656.59 


34307.0 


210 


44100 


9261000 


14.4914 


5.9439 


2.32222 


4.76190 


659.73 


34636.1 


211 


44521 


9393931 


14.5258 


6.9533 


2.32428 


4.73934 


662.88 


34966.7 


212 


44944 


9528128 


14.5602 


5.9627 


2.32634 


4.71698 


666.02 


36298.9 


213 


45369 


9663697 


14.5945 


6.9721 


2.32838 


4.69484 


669.16 


36632.7 


214 


45796 


9800344 


14.6287 


5.9814 


2.33041 


4.67290 


672.30 


35968.1 


215 


46225 


9938375 


14.6629 


5.9907 


2.33244 


4.66116 


676.44 


36305.0 


2ia 


46656 


10077696 


14.6969 


6.0000 


2.33445 


4.62963 


678.58 


36643.5 


217 


47089 


10218313 


14.7309 


6.0092 


2.33646 


4.60829 


681.73 


36983.6 


218 


47524 


10360232 


14.7648 


6.0185 


2.33846 


4.58716 


684.87 


37325.3 


219 


47961 


10503459 


14.7986 


6.0277 


2.34044 


4.66621 


688.01 


37668.5 


220 


48400 


10648000 


14.8324 


6.0368 


2.34242 


4.54646 


691.16 


38013.3 


221 


48841 


10793861 


14.8661 


6.0459 


2.34439 


4.62489 


694.29 


38359.6 


222 


49284 


10941048 


14.8997 


6.0550 


2.34636 


4.50460 


697.43 


38707.6 


223 


49729 


11089567 


14.9332 


6.0641 


2.34830 


4.48430 


700.68 


39057.1 


224 


50176 


11239424 


14.9666 


6.0732 


2.35026 


4.46429 


703.72 


39408.1 


225 


50625 


11390625 


16.0000 


6.0822 


2.36218 


4.44444 


706.86 


39760.8 


226 


51076 


11543176 


15.0333 


6.0912 


2.35411 


4.42478 


710.00 


40115.0 


227 


51529 


11697083 


15.0666 


6.1002 


2.35603 


4.40529 


713.14 


40470.8 


228 


51984 


11852352 


15.0997 


6.1091 


2.35793 


4.38596 


716.28 


40828.1 


229 


52441 


12008989 


16.1327 


6.1180 


2.35984 


4.36681 


719.42 


41187.1 


230 


52900 


12167000 


15.1658 


6.1269 


2.36173 


4.34783 


722.67 


41647.6 


231 


53361 


12326391 


15.1987 


6.1368 


2.36361 


4.32900 


725.71 


41909.6 


232 


63824 


124^7168 


16.2316 


6.1446 


2.36649 


4.31034 


728.85 


42273.3 


233 


54289 


12649337 


15.2643 


6.1634 


2.36736 


4.29185 


731.99 


42638.5 


234 


64756 


12812904 


15.2971 


6.1622 


2.36922 


4.27360 


735.13 


43005.3 


235 


65225 


12977875 


15.3297 


6.1710 


2.37107 


4.26532 


738.27 


43373.6 


236 


55696 


13144256 


16.3623 


6.1797 


2.37291 


4.23729 


741.42 


43743.5 


237 


56169 


13312053 


15.3948 


6.1885 


2.37475 


4.21941 


744.66 


44115.0 


238 


56644 


13481272 


15.4272 


6.1972 


2.37658 


4.20168 


747.70 


44488.1 


239 


57121 


13651919 


15.4596 


6.2068 


2.37840 


4.18410 


750.84 


44862.7 


240 


57600 


13824000 


15.4919 


6.2145 


2.38021 


4.16667 


753.98 


45238.9 


241 


58081 


13997521 


16.5242 


6.2231 


2.38202 


4.14938 


757.12 


45616.7 


242 


58564 


14172488 


15.6563 


6.2317 


2.38382 


4.13223 


760.27 


46996.1 


243 


59049 


14348907 


16.5885 


6.2403 


2.38561 


4.11523 


763.41 


46377.0 


244 


59536 


14526784 


16.6205 


6.2488 


2.38739 


4.09836 


766.65 


46769.5 


245 


60025 


14706125 


15.6625 


6.2673 


2.38917 


4.08163 


769.69 


47143.5 


246 


60516 


14886936 


16.6844 


6.2658 


2.39094 


4.06504 


772.83 


47529.2 


247 


61009 


15069223 


16.7162 


6.2743 


2.39270 


4.04858 


775.97 


47916.4 


248 


61504 


15252992 


16.7480 


6.2828 


2.39446 


4.03226 


779.12 


48305.1 


249 


62001 


16438249 


16.7797 


6.2912 


2.39620 


4.01606 


782.26 


48695.6 
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Functions of Numbeks, 250 to 299 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. — Diameter 


Circum. 


Area 


250 


62500 


15625000 


16.8114 


6.2996 


2.39794 


4.00000 


785.40 


49087.4 


251 


63001 


15813251 


15.8430 


6.3080 


2.39967 


3.98406 


788.54 


49480.9 


252 


63504 


16003008 


15.8745 


6.3164 


2.40140 


3.96825 


791.68 


49876.9 


253 


64009 


16194277 


15.9060 


6.3247 


2.40312 


3.95257 


794.82 


50272.6 


254 


64516 


16387064 


15.9374 


6.3330 


2.40483 


3.93701 


797.96 


50670.7 


255 


65025 


16581375 


15.9687 


6.3413 


2.40654 


3.92157 


801.11 


61070.5 


256 


65536 


16777216 


16.0000 


6.3496 


2.40824 


3.90625 


804.25 


51471.9 


257 


66049 


16974593 


16.0312 


6.3579 


2.40993 


3.89105 


807.39 


51874.8 


258 


66564 


17173512 


16.0624 


6.3661 


2.41162 


3.87597 


810.53 


62279.2 


259 


67081 


17373979 


16.0935 


6.3743 


2.41330 


3.86100 


813.67 


62685.3 


260 


67600 


17576000 


16.1246 


6.3825 


2.41497 


3.84616 


816.81 


63092.9 


261 


68121 


17779581 


16.1555 


6.3907 


2.41664 


3.83142 


819.96 


63502.1 


262 


68644 


17984728 


16.1864 


6.3988 


2.41830 


3.81679 


823.10 


53912.9 


263 


69169 


18191447 


16.2173 


6.4070 


2.41996 


3.80228 


826.24 


64326.2 


264 


69696 


18399744 


16.2481 


6.4151 


2.42160 


3.78788 


829.38 


64739.1 


265 


70225 


18609625 


16.2788 


6.4232 


2.42325 


3.77358 


832.52 


55154.6 


266 


70756 


18821096 


16.3095 


6.4312 


2.42488 


3.75940 


835.66 


56571.6 


267 


71289 


19034163 


16.3401 


6.4393 


2.42651 


3.74632 


838.81 


55990.2 


268 


71824 


19248832 


16.3707 


6.4473 


2.42813 


3.73134 


841.95 


66410.4 


269 


72361 


19465109 


16.4012 


6.4553 


2.42975 


3.71747 


846.09 


56832.2 


270 


72900 


19683000 


16.4317 


6.4633 


2.43136 


3.70370 


848.23 


67255.6 


271 


73441 


19902511 


16.4621 


6.4713 


2.43297 


3.69004 


861.37 


67680.4 


272 


73984 


20123648 


16.4924 


6.4792 


2.43457 


3.67647 


864.51 


68106.9 


273 


74529 


20346417 


16.6227 


6.4872 


2.43616 


3.66300' 


857.65 


68634.9 


274 


75076 


20570824 


16.5529 


6.4951 


2.43775 


3.64964 


860.80 


68964.6 


275 


75625 


20796875 


16.5831 


6.5030 


2.43933 


3.63636 


863.94 


59396.7 


276 


76176 


21024576 


16.6132 


6.5108 


2.44091 


3.62319 


867.08 


59828.5 


277 


76729 


21253933 


16.6433 


6.5187 


2.44248 


3.61011 


870.22 


60262.8 


278 


77284 


21484952 


16.6733 


6.5265 


2.44401 


3.59712 


873.36 


60698.7 


279 


77841 


21717639 


16.7033 


6.5343 


2.44560 


3.58423 


876.60 


61136.2 


280 


78400 


21952000 


16.7332 


6.5421 


2.44716 


3.57143 


879.66 


61576.2 


281 


78961 


22188041 


16.7631 


6.5499 


2.44871 


3.55872 


882.79 


62015.8 


282 


79524 


22425768 


16.7929 


6.5577 


2.45025 


3.54610 


886.93 


62458.0 


283 


80089- 


22665187 


16.8226 


6.5654 


2.45179 


3.53357 


889.07 


62901.8 


284 


80656 


22906304 


16.8523 


6.5731 


2.45332 


3.52113 


892.21 


63347.1 


285 


81225 


23149125 


16.8819 


6.5808 


2.45484 


3.60877 


896.35 


63794.0 


286 


81796 


23393656 


16.9115 


6.5885 


2.45637 


3.49660 


898.60 


64242.4 


287 


82369 


23639903 


16.9411 


6.5962 


2.45788 


3.48432 


901.64 


64692.5 


288 


82941 


23887872 


16.9706 


6.6039 


2.45939 


3.47222 


904.78 


65144.1 


289 


83521 


24137569 


17.0000 


6.6115 


2.46090 


3.46021 


907.92 


65597.2 


290 


84100 


24389000 


17.0294 


6.6191 


2.46240 


3.44828 


911.06 


66062.0 


291 


84681 


24642171 


17.0587 


6.6267 


2.46389 


3.43643 


914.20 


66508.3 


292 


85264 


24897088 


17.0880 


6.6343 


2.46538 


3.42466 


917.35 


66966.2 


293 


85849 


25153757 


17.1172 


6.6419 


2.46687 


3.41297 


920.49 


67425.6 


294 


86436 


25412184 


17.1464 


6.6494 


2.46835 


3.40136 


923.63 


67886.7 


295 


87025 


25672375 


17.1756 


6.6569 


2.46982 


3.38983 


926.77 


68349.3 


296 


87616 


25934336 


17.2047 


6.6644 


2.47129 


3.37838 


929.91 


68813.4 


297 


88209 


26198073 


17.2337 


6.6719 


2.47276 


3.36700 


933.05 


69279.2 


298 


88804 


26463592 


17.2627 


6.6794 


2.47422 


3.35670 


936.19 


69746.5 


299 


89401 


26730899 


17.2916 


6.6869 


2.47567 


3.34448 


939.34 


70216.4 
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Functions of Numbers, 300 to 349 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. = Diameter 


Circum. 


Area 


300 


90000 


27000000 


17.3205 


6.6943 


2.47712 


3.33333 


942.48 


70685.8 


301 


90601 


27270901 


17.3494 


6.7018 


2.47857 


3.32226 


945.62 


71157.9 


302 


91204 


27543608 


17.3781 


6.7092 


2.48001 


3.31126 


948.76 


71631.5 


303 


91809 


27818127 


17.4069 


6.7166 


2.48144 


3.30033 


961.90 


72106.6 


304 


92416 


28094464 


17.4356 


6.7240 


2.48287 


3.28947 


955.04 


72583.4 


305 


93025 


28372625 


17.4642 


6.7313 


2.48430 


3.27869 


958.19 


73061.7 


306 


93636 


28652616 


17.4929 


6.7387 


2.48572 


3.26797 


961.33 


73541.5 


307 


94249 


28934443 


17.5214 


6.7460 


2.48714 


3.25733 


964.47 


74023.0 


308 


94864 


29218112 


17.5499 


6.7533 


2.48855 


3.24675 


967.61 


74506.0 


309 


95481 


29503629 


17.5784 


6.7606 


2.48996 


3.23625 


970.75 


74990.6 


310 


96100 


29791000 


17.6068 


6.7679 


2.49136 


3.22581 


973.89 


75476.8 


311 


96721 


30080231 


17.6352 


6.7752 


2.49276 


3.21543 


977.04 


75964.5 


312 


97344 


30371328 


17.6635 


6.7824 


2.49415 


3.20613 


980.18 


76453.8 


313 


97969 


30664297 


17.6918 


6.7897 


2.49554 


3.19489 


983.32 


76944.7 


314 


98596 


30959144 


17.7200 


6.7969 


2.49693 


?. 18471 


986.46 


77437.1 


315 


99225 


31255875 


17.7482 


6.8041 


2.49831 


3.17460 


989.60 


77931.1 


316 


99856 


31554496 


17.7764 


6.8113 


2.49969 


3.16456 


992.74 


78426.7 


317 


100489 


31855013 


17.8045 


6.8185 


2.50106 


3.15457 


995.88 


78923.9 


318 


101124 


32157432 


17.8326 


6.8256 


2.50243 


3.14465 


999.03 


79422.6 


319 


101761 


32461759 


17.8606 


6.8328 


2.60379 


3.13480 


1002.2 


79922.9 


320 


102400 


32768000 


17.8885 


6.8399 


2.50515 


3.12500 


1005.3 


80424.8 


321 


103041 


33076161 


17.9165 


6.8470 


2.50651 


3.11526 


1008.5 


80928.2 


322 


103684 


33386248 


17.9444 


6.8541 


2.50786 


3.10559 


1011.6 


81433.2 


323 


104329 


33698267 


17.9722 


6.8612 


2.50920 


3.09598 


1014.7 


81939.8 


324 


104976 


34012224 


18.0000 


6.8683 


2.51055 


3.08642 


1017.9 


82448.0 


325 


105025 


34328125 


18.0278 


6.8753 


2.51188 


3.07692 


1021.0 


82957.7 


326 


106276 


34645976 


18.0555 


6.8824 


2.51322 


3.06749 


1024.2 


83469.0 


327 


106929 


34965783 


18.0831 


6.8894 


2.51455 


3.05810 


1027.3 


83981.8 


328 


107584 


35287552 


18.1108 


6.8964 


2.51587 


3.04878 


1030.4 


84496.3 


329 


108241 


35611289 


18.1384 


6.9034 


2.51720 


3.03951 


1033.6 


85012.3 


330 


108900 


35937000 


18.1659 


6.9104 


2.51851 


3.03030 


1036.7 


85529.9 


331 


109561 


36264691 


18.1934 


6.9174 


2.51983 


3.02115 


1039.9 


86049.0 


332 


110224 


36594368 


18.2209 


6.9244 


2.52114 


3.01205 


1043.0 


86569.7 


333 


110889 


36926037 


18.2483 


6.9313 


2.52244 


3.00300 


1046.2 


87092.0 


334 


111556 


37259704 


18.2757 


6.9382 


2.52376 


2.99401 


1049.3 


87615.9 


335 


112225 


37595375 


18.3030 


6.9451 


2.52504 


2.98507 


1052.4 


88141.3 


336 


112896 


37933056 


18.3303 


6.9521 


2.52634 


2.97619 


1055.6 


88668.3 


337 


113569 


38272753 


18.3576 


6.9589 


2.52763 


2.96736 


1058.7 


89196.9 


338 


114244 


38614472 


18.3848 


6.9668 


2.52892 


2.95858 


1061.9 


89727.0 


839 


114921 


38958219 


18.4120 


6.9727 


2.53020 


2.94985 


1065.0 


90258.7 


840 


115600 


39304000 


18.4391 


6.9795 


2.53148 


2.94118 


1068.1 


90792.0 


341 


116281 


39651821 


18.4662 


6.9864 


2.53275 


2.93255 


1071.3 


91326.9 


342 


116964 


40001688 


18.4932 


6.9932 


2.53403 


2.92398 


1074.4 


91863.3 


343 


117649 


40353607 


18.5203 


7.0000 


2.53529 


2.91545 


1077.6 


92401.3 


344 


118336 


40707584 


18.5472 


7.0068 


2.53656 


2.90698 


1080.7 


92940.9 


345 


119025 


41063625 


18.5742 


7.0136 


2.53782 


2.89855 


1083.8 


93482.0 


346 


119716 


41421736 


18.6011 


7.0203 


2.53908 


2.89017 


1087.0 


94024sr 


347 


120409 


41781923 


18.6279 


7.0271 


2.54033 


2.88184 


1090.1 


94569.0 


348 


121104 


42144192 


18.6548 


7.0338 


2.54158 


2.87356 


1093.3 


95114.9 


349 


121801 


42508549 


18.6815 


7.0406 


2.54283 


2.86533 


1096.4 


95662.3 
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Functions op Numbers, 350 to 399 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Loguithm 


1000 

X 

Reciprocal 


No. = Diameter 


Circum. 


Area 


350 


122600 


42875000 


18.7083 


7.0473 


2.54407 


2.85714 


1099.6 


96211.3 


351 


123201 


43243661 


18.7360 


7.0540 


2.54631 


2.84900 


1102.7 


96761.8 


352 


123904 


43614208 


18.7617 


7.0607 


2.64654 


2.84091 


1106.8 


97314.0 


353 


124609 


43986977 


18.7883 


7.0674 


2.64777 


2.83286 


1109.0 


97867.7 


354 


125316 


44361864 


18.8149 


7.0740 


2.64900 


2.82486 


1112.1 


98423.0 


355 


126025 


44738875 


18.8414 


7.0807 


2.56023 


2.81690 


1115.3 


98979.8 


356 


126736 


46118016 


18.8680 


7.0873 


2.55145 


2.80899 


1118.4 


99538.2 


357 


127449 


45499293 


18.8944 


7.0940 


2.56267 


2.80112 


1121.5 


100098 


i 358 


128164 


45882712 


18.9209 


7.1006 


2.65388 


2.79330 


1124.7 


100660 


369 


128881 


46268279 


18.9473 


7.1072 


2.55609 


2.78562 


1127.8 


101223 


360 


129600 


46666000 


18.9737 


7.1138 


2.66630 


2.77778 


1131.0 


101788 


361 


130321 


47046881 


19.0000 


7.1204 


2.66761 


2.77008 


1134.1 


102354 


362 


131044 


47437928 


19.0263 


7.1269 


2.66871 


2.76243 


1137.3 


102922 


363 


131769 


47832147 


19.0626 


7.1336 


2.56991 


2.75482 


1140.4 


103491 


364 


132496 


48228544 


19.0788 


7.1400 


2.66110 


2.74726 


1143.6 


104062 


365 


133225 


48627125 


19.1050 


7.1466 


2.66229 


2.73973 


1146.7 


104636 


366 


133956 


49027896 


19.1311 


7.1631 


2.56348 


2.73224 


1149.8 


105209 


367 


134689 


49430863 


19.1572 


7.1696 


2.56467 


2.72480 


1153.0 


106786 


368 


135424 


49836032 


19.1833 


7.1661 


2.56586 


2.71739 


1166.1 


106362 


369 


136161 


60243409 


19.2094 


7.1726 


2.66703 


2.71003 


1169.2 


106941 


370 


136900 


60653000 


19.2354 


7.1791 


2.56820 


2.70270 


1162.4 


107621 


371 


137641 


51064811 


19.2614 


7.1866 


2.56937 


2.69642 


1166.5 


108103 


372 


138384 


51478848 


19.2873 


7.1920 


2.67064 


2.68817 


1168.7 


108687 


373 


139129 


51896117 


19.3132 


7.1984 


2.67171 


2.68097 


1171.8 


109272 


374 


139876 


62313624 


19.3391 


7.2048 


2.67287 


2.67380 


1176.0 


109868 


375 


140625 


52734376 


19.3649 


7.2112 


2.67403 


2.66667 


1178.1 


110447 


376 


141376 


63157376 


19.3907 


7.2177 


2.675i9 


2.65957 


1181.2 


111036 


377 


142129 


63582633 


19.4166 


7.2240 


2.57634 


2.66252 


1184.4 


111628 


378 


142884 


64010162 


19.4422 


7.2304 


2.67749 


2.64660 


1187.6 


112221 


379 


143641 


64439939 


19.4679 


7.2368 


2.67864 


2.63852 


1190.7 


112815 


380 


144400 


64872000 


19.4936 


7.2432 


2.67978 


2.63168 


1193.8 


113411 


381 


145161 


55306341 


19.6192 


7.2496 


2.68093 


2.62467 


1196.9 


114009 


382 


145924 


56742968 


19.6448 


7.2668 


2.68206 


2.61780 


1200.1 


114608 


383 


146689 


66181887 


19.6704 


7.2622 


2.68320 


2.61097 


1203.2 


115209 


384 


147456 


66623104 


19.6969 


7.2686 


2.68433 


2.60417 


1206.4 


115812 


385 


148225 


67066625 


19.6214 


7.2748 


2.68546 


2.69740 


1209.6 


116416 


386 


148996 


67612456 


19.6469 


7.2811 


2.68659 


2.69067 


1212.7 


117021 


387 


149769 


57960603 


19.6723 


7.2874 


2.58771 


2.68398 


1216.8 


117628 


388 


150544 


68411072 


19.6977 


7.2936 


2.58883 


2.67732 


1218.9 


118237 


389 


151321 


68863869 


19.7231 


7.2999 


2.68996 


2.57069 


1222.1 


118847 


390 


152100 


59319000 


19.7484 


7.3061 


2.69106 


2.56410 


1226.2 


119459 


391 


152881 


69776471 


19.7737 


7.3124 


2.69218 


2.56754 


1228.4 


120072 


392 


153664 


60236288 


19.7990 


7.3186 


2.59329 


2.56102 


1231.6 


120687 


393 


154449 


60698457 


19.8242 


7.3248 


2.59439 


2.54463 


1234.6 


121304 


394 


155236 


61162984 


19.8494 


7.3310 


2.59660 


2.63807 


1237.8 


121922 


395 


156025 


61629875 


19.8746 


7.3372 


2.69660 


2.63165 


1240.9 


122542 


396 


166816 


62099136 


19.8997 


7.3434 


2.59770 


2.52525 


1244.1 


123163 


397 


157609 


62670773 


19.9249 


7.3496 


2.59879 


2.61889 


1247.2 


123786 


398 


158404 


63044792 


19.9499 


7.3568 


2.69988 


2.51256 


1250.4 


124410 


399 


159201 


63621199 


19.9750 


7.3619 


2.60097 


2.50627 


1253.6 


126036 
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Functions of Numbf-rs 400 to 449 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No.— : 


Diameter 


Circum. 


Area 


400 


160000 


64000000 


20.0000 


7.3681 


2.60206 


2.50000 


1256.6 


125664 


40i 


160801 


64481201 


20.0250 


7.3742 


2.60314 


2.49377 


1259.8 


126293 


402 


161604 


64964808 


20.0499 


7.3803 


2.60423 


2.48756 


1262.9 


126923 


403 


162409 


65450827 


20.0749 


7.3864 


2.60531 


2.48139 


1266.1 


127556 


404 


163216 


65939264 


20.0998 


7.3925 


2.60638 


2.47525 


1269.2 


128190 


405 


164025 


66430125 


20.1246 


7.3986 


2.60746 


2.46914 


1272.3 


128825 


406 


164836 


66923416 


20.1494 


7.4047 


2.60863 


2.46305 


1275.5 


129462 


407 


165649 


67419143 


20.1742 


7.4108 


2.60969 


2.45700 


1278.6 


130100 


408 


166464 


67917312 


20.1990 


7.4169 


2.61066 


2.45098 


1281.8 


130741 


409 


167281 


68417929 


20.2237 


7.4229 


2.61172 


2.44499 


1284.^ 


131382 


410 


168100 


68921000 


20.2485 


7.4290 


2.61278 


2.43902 


1288.1 


132025 


411 


168921 


69426531 


20.2731 


7.4350 


2.61384 


2.43309 


1291.2 


132670 


412 


169744 


69934528 


20.2978 


7.4410 


2.61490 


2.42718 


1294.3 


133317 


413 


170569 


70444997 


20.3224 


7.4470 


2.61595 


2.42131 


1297.5 


133965 


414 


171396 


70957944 


20.3470 


7.4530 


2.61700 


2.41546 


1300.6 


134614 


415 


172225 


71473375 


20.3715 


7.4590 


2.61805 


2.40964 


1303.8 


135265 


416 


173056 


71991296 


20.3961 


7.4650 


2.61909 


2.40385 


1306.9 


135918 


417 


173889 


72511713 


20.4206 


7.4710 


2.62014 


2.39808 


1310.0 


136572 


418 


174724 


73034632 


20.4450 


7.4770 


2.62118 


2.39234 


1313.2 


137228 


419 


175561 


73560059 


20.4695 


7.4829 


2.62221 


2.38663 


1316.3 


137886 


420 


176400 


74088000 


20.4939 


7.4889 


2.62325 


2.38095 


1319.5 


138544 


421 


177241 


74618461 


20.5183 


7.4948 


2.62428 


2.37530 


1322.6 


139205 


422 


178084 


75151448 


20.5426 


7.5007 


2.62531 


2.36967 


1325.8 


139867 


423 


178929 


75686967 


20.5670 


7.5067 


2.62634 


2.36407 


1328.9 


140531 


424 


179776 


76225024 


20.5913 


7.5126 


2.62737 


2.35849 


1332.0 


141196 


425 


180625 


76765625 


20.6155 


7.5185 


2.62839 


2.35294 


1335.2 


141863 


426 


181476 


77308776 


20.0398 


7.5244 


2.62941 


2.34742 


1338.3 


142531 


427 


182329 


77854483 


20.6640 


7.5302 


2.63043 


2.34192 


1341.6 


143201 


428 


183184 


78402752 


20.6882 


7.5361 


2.63144 


2.33645 


1344.6 


143872 


429 


184041 


78953589 


20.7123 


7.5420 


2.63246 


2.33100 


1347.7 


144546 


430 


184900 


79507000 


20.7364 


7.5478 


2.63347 


2.32558 


1350.9 


145220 


431 


185761 


80062991 


20.7605 


7.5637 


2.63448 


2.32019 


1354.0 


145896 


432 


186624 


80621568 


20.7846 


7.5595 


2.63548 


2.31481 


1357.2 


146574 


433 


187489 


81182737 


20.8087 


7.5654 


2.63649 


2.30947 


1360.3 


147254 


434 


188356 


81746504 


20.8327 


7.5712 


2.63749 


2.30415 


1363.5 


147934 


435 


189225 


82312875 


20.8567 


7.5770 


2.63849 


2.29885 


1366.6 


148617 


436 


190096 


82881856 


20.8808 


7.5828 


2.63949 


2.29358 


1369.7 


149301 


437 


190969 


83453453 


20.9045 


7.5886 


2.64048 


2.28833 


1372.9 


149987 


438 


191844 


84027672 


20.9284 


7.5944 


2.64147 


2.28311 


1376.0 


150674 


439 


192721 


84604519 


20.9523 


7.6001 


2.64246 


2.27790 


1379.2 


151363 


440 


193600 


85184000 


20.9762 


7.6059 


2.64345 


2.27273 


1382.3 


152053 


441 


194481 


85766121 


21.0000 


7.6117 


2.64444 


2.26757 


1385.4 


152745 


442 


195364 


86350888 


21.0238 


7.6174 


2.64542 


2.26244 


1388.6 


153439 


443 


196249 


86938307 


21.0476 


7.6232 


2.64640 


2.25734 


1391.7 


154134 


444 


197136 


87528384 


21.0713 


7.6289 


2.64738 


2.25225 


1394.9 


164830 


445 


198025 


88121125 


21.0950 


7.6346 


2.64836 


2.24719 


1398.0 


155528 


446 


198916 


88716536 


21.1187 


7.6403 


2.64933 


2.24215 


1401.2 


156228 


447 


199809 


89314623 


21.1424 


7.6460 


2.65031 


2.23714 


1404.3 


156930 


448 


200704 


89915392 


21.1660 


7.6517 


2.65128 


2.23214 


1407.4 


167633 


449 


201601 


90518849 


21.1896 


7.6574 


2.65225 


2.22717 


1410.6 


158337 
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Functions of Numbers, 450 to 499 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. = Diameter 


Circum. 


Area 


450 


202500 


91125000 


21.2132 


7.6631 


2.65321 


2.22222 


1413.7 


159043 


451 


203401 


91733851 


21.2368 


7.6688 


2.65418 


2.21729 


1416.9 


169751 


452 


204304 


92345408 


21.2603 


7.6744 


2.65514 


2.21239 


1420.0 


160460 


453 


205209 


92959677 


21.2838 


7.6801 


2.65610 


2.20751 


1423.1 


161171 


454 


206116 


93576664 


21.3073 


7.6857 


2.65706 


2.20264 


1426.3 


161883 


455 


207025 


94196375 


21.3307 


7.6914 


2.65801 


2.19780 


1429.4 


162597 


456 


207936 


94818816 


21.3542 


7.6970 


2.65896 


2.19298 


1432.6 


163313 


457 


208849 


95443993 


21.3776 


7.7026 


2.65992 


2.18818 


1435.7 


164030 


458 


209764 


96071912 


21.4009 


7.7082 


2.66087 


2.18341 


1438.8 


164748 


459 


21CI681 


96702579 


21.4243 


7.7138 


2.66181 


2.17865 


1442.0 


165468 


460 J 


211600 


97336000 


21.4476 


7.7194 


2.66276 


2.17391 


1445.1 


166190 


461 


212521 


97972181 


21.4709 


7.7250 


2.66370 


2.16920 


1448.3 


166914 


462 


213444 


98611128 


21.4942 


7.7306 


2.66464 


2.16450 


1451.4 


167639 


463 


214369 


99252847 


21.5174 


7.7362 


2.66558 


2.15983 


1454.6 


168365 


464 


215296 


99897344 


21.5407 


7.7418 


2.66652 


2.15517 


1457.7 


169093 


465 


216225 


100544625 


21.5639 


7.7473 


2.66745 


2.15054 


1460.8 


169823 


466 


217156 


101194696 


21.5870 


7.7529 


2.66839 


2.14592 


1464.0 


170554 


467 


218089 


101847563 


21.6102 


7.7584 


2.66932 


2.14133 


1467.1 


171287 


468 


219024 


102503232 


21.6333 


7.7639 


2.67025 


2.13675 


1470.3 


172021 


460 


219961 


103161709 


21.6564 


7.7695 


2.67117 


2.13220 


1473.4 


172757 


470 


220900 


103823000 


21.6795 


7.7750 


2.67210 


2.12766 


1476.5 


173494 


471 


221841 


104487111 


21.7025 


7.7805 


2.67302 


2.12314 


1479.7 


174234 


472 


222784 


105154048 


21.7256 


7.7860 


2.67394 


2.11864 


1482.8 


174974 


473 


223729 


105823817 


21.7486 


7.7915 


2.67486 


2.11416 


1486.0 


175716 


474 


224676 


106496424 


21.7715 


7.7970 


2.67578 


2.10970 


1489.1 


176460 


475 


225625 


107171875 


21.7945 


7.8025 


2.67669 


2.10526 


1492.3 


177205 


476 


226576 


107850176 


21.8174 


7.8079 


2.67761 


2.10084 


1495.4 


177952 


477 


227529 


108531333 


21.8403 


7.8134 


2.67852 


2.09644 


1498.5 


178701 


478 


228484 


109215352 


21.8632 


7.8188 


2.67943 


2.09205 


1601.7 


179451 


479 


229441 


109902239 


21.8861 


7.8243 


2.68034 


2.08768 


1504.8 


180203 


480 


230400 


110592000 


21.9089 


7.8297 


2.68124 


2.08333 


1508.0 


180956 


481 


231361 


111284641 


21.9317 


7.8362 


2.68215 


2.07900 


1511.1 


181711 


482 


232324 


111980168 


21.9545 


7.8406 


2.68305 


2.07469 


1514.2 


182467 


483 


233289 


112678587 


21.9773 


7.8460 


2.68395 


2.07039 


1517.4 


183225 


484 


234256 


113379904 


22.0000 


7.8514 


2.68485 


2.06612 


1620.5 


183984 


485 


235225 


114084125 


22.0227 


7.8568 


2.68574 


2.06186 


1623.7 


184745 


486 


236196 


114791256 


22.0454 


7.8622 


2.68664 


2.05761 


1526.8 


185508 


487 


237169 


115501303 


22.0681 


7.8676 


2.68753 


2.05339 


1530.0 


186272 


488 


238144 


116214272 


22.0907 


7.8730 


2.68842 


2.04918 


1533.1 


187038 


489 


239121 


116930169 


22.1133 


7.8784 


2.68931 


2.04499 


1536.2 


187805 


490 


240100 


117649000 


22.1359 


7.8837 


2.69020 


2.04082 


1639.4 


188574 


491 


241081 


118370771 


22.1585 


7.8891 


2.69108 


2.03666 


1642.6 


189345 


492 


242064 


119095488 


22.1811 


7.8944 


2.69197 


2.03252 


1546.7 


190117 


493 


243049 


119823157 


22.2036 


7.8998 


2.69285 


2.02840 


1648.8 


190890 


494 


244036 


120553784 


22.2261 


7.9051 


2.69373 


2.02429 


1651.9 


191665 


495 


245025 


121287375 


22.2486 


7.9105 


2.69461 


2.02020 


1565.1 


192442 


496 


246016 


122023936 


22.2711 


7.9158 


2.69548 


2.01613 


1558.2 


193221 


497 


247009 


122763473 


22.2935 


7.9211 


2.69636 


2.01207 


1561.4 


194000 


498 


248004 


123505992 


22.3159 


7.9264 


2.69723 


2.00803 


1564.6 


194782 


499 


249001 


124251499 


22.3383 


7.9317 


2.69810 


2.00401 


1567.7 


195565 
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Functions op Numbers 500 to 549 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. — Diameter 


Circum. 


Ares 


500 


250000 


125000000 


22.3607 


7.9370 


2.69897 


2.00000 


1670.8 


196350 


501 


251001 


125751501 


22.3830 


7.9423 


2.69984 


1.99601 


1673.9 


197136 


502 


252004 


126506008 


22.4054 


7.9476 


2.70070 


1.99203 


1677.1 


197923 


503 


253009 


127263527 


22.4277 


7.9628 


2.70167 


1.98807 


1680.2 


198713 


504 


254016 


128024064 


22.4499 


7.9681 


2.70243 


1.98413 


1683.4 


199604 


605 


255025 


128787625 


22.4722 


7.9634 


2.70329 


1.98020 


1686.5 


200296 


506 


256036 


129554216 


22.4944 


7.9686 


2.70416 


1.97628 


1589.6 


201090 


507 


257049 


130323843 


22.5167 


7.9739 


2.70501 


1.97239 


1692.8 


201886 


508 


258064 


131096512 


22.5389 


7.9791 


2.70686 


1.96860 


1695.9 


202683 


509 


259081 


131872229 


22.6610 


7.9843 


2.70672 


1.96464 


1699.1 


203482 


510 


260100 


132661000 


22.6832 


7.9896 


2.70767 


1,96078 


1602.2 


204282 


511 


261121 


133432831 


22.6063 


7.9948 


2.70842 


1.96696 


1605.4 


205084 


512 


262144 


134217728 


22.6274 


8.0000 


2.70927 


1.96312 


1608.6 


206887 


513 


263169 


136006697 


22.6496 


8.0052 


2.71012 


1.94932 


1611.6 


206692 


514 


264196 


135796744 


22.6716 


8.0104 


2.71096 


1.94663 


1614.8 


207499 


515 


265225 


136590875 


22.6936 


8.0156 


2.71181 


1.94175 


1617.9 


208307 


516 


266256 


137388096 


22.7156 


8.0208 


2.71266 


1.93798 


1621.1 


209117 


517 


267289 


138188413 


22.7376 


8.0260 


2.71349 


1.93424 


1624.2 


209928 


518 


268324 


138991832 


22.7596 


8.0311 


2.71433 


1.93060 


1627.3 


210741 


519 


269361 


139798359 


22.7816 


8.0363 


2.71617 


1.92678 


1630.6 


211666 


520 


270400 


140608000 


22.8036 


8.0416 


2.71600 


1.92308 


1633.6 


212372 


521 


271441 


141420761 


22.8254 


8.0466 


2.71684 


1.91939 


1636.8 


213189 


522 


272484 


142236648 


22.8473 


8.0517 


2.71767 


1.91671 


1639.9 


214008 


523 


273629 


143065667 


22.8692 


8.0669 


2.71860 


1.91206 


1643.1 


214829 


524 


274576 


143877824 


22.8910 


8.0620 


2.71933 


1.90840 


1646.2 


215651 


525 


275626 


144703125 


22.9129 


8.0671 


2.72016 


1.90476 


1649.3 


216475 


526 


276676 


146631676 


22.9347 


8.0723 


2.72099 


l.d0114 


1652.6 


217301 


527 


277729 


146363183 


22.9666 


8.0774 


2.72181 


1.89753 


1656.6 


218128 


528 


278784 


147197962 


22.9783 


8.0826 


2.72263 


1.89394 


1658.8 


218966 


529 


279841 


148036889 


23.0000 


8.0876 


2.72346 


1.89036 


1661.9 


219787 


530 


280900 


148877000 


23.0217 


8.0927 


2.72428 


1.88679 


1666.0 


220618 


531 


281961 


149721291 


23.0434 


8.0978 


2.72609 


1.88324 


1668.2 


221462 


532 


283024 


150668768 


23.0651 


8.1028 


2.72691 


1.87970 


1671.3 


222287 


533 


284089 


161419437 


23.0868 


8.1079 


2.72673 


1.876f? 


1674.5 


223123 


534 


285156 


162273304 


23.1084 


8.1130 


2.72764 


1.87266 


1677.6 


223961 


535 


286225 


153130375 


23.1301 


8.1180 


2.72835 


1.86916 


1680.8 


224801 


536 


287296 


163990656 


23.1517 


8.1231 


2.72916 


1.86567 


1683.9 


225642 


537 


288369 


164854153 


23.1733 


8.1281 


2.72997 


1.86220 


1687.0 


226484 


538 


289444 


155720872 


23.1948 


8.1332 


2.73078 


1.85874 


1690.2 


227329 


539 


290521 


166590819 


23.2164 


8.1382 


2.73159 


1.86629 


1693.3 


228176 


540 


291600 


167464000 


23.2379 


8.1433 


2.73239 


1.85185 


1696.5 


229022 


541 


292681 


158340421 


23.2694 


8.1483 


2.73320 


1.84843 


1699.6 


229871 


542 


293764 


159220088 


23.2809 


8.1533 


2.73400 


1.84502 


1702.7 


230722 


543 


294849 


160103007 


23.3024 


8.1683 


2.73480 


1.84162 


1705.9 


231574 


544 


295936 


160989184 


23.3238 


8.1633 


2.73560 


1.83824 


1709.0 


232428 


545 


297025 


161878625 


23.3462 


8.1683 


2.73640 


1.83486 


1712.2 


233283 


546 


298116 


162771336 


23.3666 


8.1733 


2.73719 


1.83160 


1715.3 


234140 


547 


299209 


163667323 


23.3880 


8.1783 


2.73799 


1.82816 


1718.5 


234998 


548 


300304 


164666692 


23.4094 


8.1833 


2.73878 1.82482 


1721.6 


235858 


549 


301401 


166469149 


23.4307 


8.1882 12.739671 1.82149 


1724.7 


236720 
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Functions op Numbers, 550 


TO 599 




No. 


Square 


Cube 


Square 
Root 


Cubic 
Boot 


Logarithm 


1000 

X 


No.=Diameter 












XI* wv 


AVl^W 




Reciprocal 


Circum. 


Area 


550 


302500 


166375000 


23.4521 


8.1932 


2.74036 


1.81818 


1727.9 


237583 


651 


303601 


167284151 


23.4734 


8.1982 


2.74115 


1.81488 


1731.0 


238448 


552 


304704 


168196608 


23.4947 


8.2031 


2.74194 


1.81159 


1734.2 


239314 


553 


305809 


169112377 


23.6160 


8.2081 


2.74273 


1.80832 


1737.3 


240182 


554 


306916 


170031464 


23.5372 


8.2130 


2.74351 


1.80505 


1740.4 


241051 


555 


308025 


170953875 


23.5684 


8.2180 


2.74429 


1.80180 


1743.6 


241922 


556 


309136 


171879616 


23.5797 


8.2229 


2.74507 


1.79856 


1746.7 


242795 


557 


310249 


172808693 


23.6008 


8.2278 


2.74586 


1.79533 


1749.9 


243669 


558 


311364 


173741112 


23.6220 


8.2327 


2.74663 


1.79211 


1753.0 


244545 


559 


312481 


174676879 


23.6432 


8.2377 


2.74741 


1.78891 


1756.2 


245422 


560 


313600 


175616000 


23.6643 


8.2426 


2.74819 


1.78571 


1759.3 


246301 


561 


314721 


176558481 


23.6854 


8.2475 


2.74896 


1.78253 


1762.4 


247181 


562 


315844 


177604328 


23.7066 


8.2624 


2.74974 


1.77936 


1765.6 


248063 


663 


316969 


178463547 


23.7276 


8.2573 


2.75051 


1.77620 


1768.7 


248947 


664 


318096 


179406144 


23.7487 


8.2621 


2.75128 


1.77305 


1771.9 


249832 


665 


319225 


180362125 


23.7697 


8.2670 


2.75206 


1.76991 


1775.0 


260719 


666 


320356 


181321496 


23.7908 


8.2719 


2.75282 


1.76678 


1778.1 


251607 


667 


321489 


182284263 


23.8118 


8.2768 


2.75368 


1.76367 


1781.3 


252497 


668 


322624 


183250432 


23.8328 


8.2816 


2.76436 


1.76056 


1784.4 


263388 


669 


323761 


184220009 


23.8537 


8.2865 


2.75511 


1.75747 


1787.6 


254281 


670 


324900 


185193000 


23.8747 


8.2913 


2.75587 


1.75439 


1790.7 


255176 


671 


326041 


186169411 


23.8956 


8.2962 


2.76664 


1.75131 


1793.8 


256072 


672 


327184 


187149248 


23.9165 


8.3010 


2.76740 


1.74826 


1797.0 


266970 


573 


328329 


188132517 


23.9374 


8.3059 


2.76815 


1.74520 


1800.1 


267869 


574 


329476 


189119224 


23.9583 


8.3107 


2.76891 


1.74216 


1803.3 


268770 


676 


330625 


190109375 


23.9792 


8.3155 


2.75967 


1.73913 


1806.4 


259672 


676 


331776 


191102976 


24.0000 


8.3203 


2.76042 


1.73611 


1809.6 


260576 


677 


332929 


192100033 


24.0208 


8.3261 


2.76118 


1.73310 


1812.7 


261482 


678 


334084 


193100652 


24.0416 


8.3300 


2.76193 


1.73010 


1815.8 


262389 


679 


335241 


194104539 


24.0624 


8.3348 


2.76268 


1.72712 


1819.0 


263298 


580 


336400 


195112000 


24.0832 


8.3396 


2.76343 


1.72414 


1822.1 


264208 


581 


337561 


196122941 


24.1039 


8.3443 


2.76418 


1.72117 


1826.3 


266120 


582 


338724 


197137368 


24.1247 


8.3491 


2.76492 


1.71821 


1828.4 


266033 


583 


339889 


198155287 


24.1464 


8.3639 


2.76567 


1.71627 


1831.6 


266948 


584 


341056 


199176704 


24.1661 


8.3587 


2.76641 


1.71233 


1834.7 


267865 


585 


342225 


200201625 


24.1868 


8.3634 


2.76716 


1.70940 


1837.8 


268783 


586 


343396 


201230066 


24.2074 


8.3682 


2.76790 


1.70648 


1841.0 


269703 


687 


344569 


202262003 


24.2281 


8.3730 


2.76864 


1.70358 


1844.1 


270624 


588 


345744 


203297472 


24.2487 


8.3777 


2.76938 


1.70068 


1847.3 


271647 


589 


346921 


204336469 


24.2693 


8.3826 


2.77012 


1.69779 


1860.4 


272471 


590 


348100 


205379000 


24.2899 


8.3872 


2.77085 


1.69492 


1863.5 


273397 


591 


349281 


206425071 


24.3105 


8.3919 


2.77169 


1.69205 


1856.7 


274325 


592 


350464 


207474688 


24.3311 


8.3967 


2.77232 


1.68919 


1869.8 


275264 


593 


351649 


208527867 


24.3516 


8.4014 


2.77305 


1.68634 


1863.0 


276184 


594 


352836 


209684584 


24.3721 


8.4061 


2.77379 


1.68360 


1866.1 


277117 


595 


354025 


210644875 


24.3926 


8.4108 


2.77462 


1.68067 


1869.2 


278061 


596 


355216 


211708736 


24.4131 


8.4156 


2.77525 


1.67786 


1872.4 


278986 


697 


356409 


212776173 


24.4336 


8.4202 


2.77697 


1.67504 


1876.6 


279923 


598 


357604 


213847192 


24.4540 


8.4249 


2.77670 


1.67224 


1878.7 


280862 


699 


358801 


214921799 24.4745 


8.4296 


2.77743 


1.66946 


1881.8 


281802 
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Functions op Numbers 600 


TO 649 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

z 


No.^Diaineter 












AVW V 


AW^JV 




Reciprocal 


Circum. 


Area 


600 


360000 


216000000 


24.4949 


8.4343 


2.77815 


1.66667 


1885.0 


282743 


601 


361201 


217081801 


24.5153 


8.4390 


2.77887 


1.66389 


1888.1 


283687 


602 


362404 


218167208 


24.5357 


8.4437 


2.77960 


1.66113 


1891.2 


284631 


603 


363609 


219256227 


24.5561 


8.4484 


2.78032 


1.65837 


1894.4 


285578 


604 


364816 


220348864 


24.5764 


8.4530 


2.78104 


1.65563 


1897.5 


286526 


605 


366025 


221445125 


24.5967 


8.4577 


2.78176 


1.65289 


1900.7 


287475 


606 


367236 


222545016 


24.6171 


8.4623 


2.78247 


1.65017 


1903.8 


288426 


607 


368449 


223648543 


24.6374 


8.4670 


2.78319 


1.64745 


1906.9 


289379 


608 


369664 


224765712 


24.6577 


8.4716 


2.78390 


1.64474 


1910.1 


290333 


609 


370881 


225866529 


24.6779 


8.4763 


2.78462 


1.64204 


1913.2 


291289 


610 


372100 


226981000 


24.6982 


8.4809 


2.78533 


1.63934 


1916.4 


292247 


611 


373321 


228099131 


24.7184 


8.4856 


2.78604 


1.63666 


1919.5 


293206 


612 


374544 


229220928 


24.7386 


8.4902 


2.78675 


1.63399 


1922.7 


294166 


613 


375769 


230346397 


24.7588 


8.4948 


2.78746 


1.63132 


1925.8 


295128 


614 


376996 


231475544 


24.7790 


8.4994 


2.78817 


1.62866 


1928.9 


296092 


615 


378225 


232608375 


24.7992 


8.5040 


2.78888 


1.62602 


1932.1 


297057 


616 


379456 


233744896 


24.8193 


8.5086 


2.78958 


1.62338 


1935.2 


298024 


617 


380689 


234885113 


24.8395 


8.5132 


2.79029 


1.62075 


1938.4 


298992 


618 


381924 


236029032 


24.8596 


8.5178 


2.79099 


1.61812 


1941.5 


299962 


619 


383161 


237176659 


24.8797 


8.5224 


2.79169 


1.61551 


1944.6 


300934 


620 


384400 


238328000 


24.8998 


8.5270 


2.79239 


1.61290 


1947.8 


301907 


621 


385641 


239483061 


24.9199 


8.5316 


2.79309 


1.61031 


1950.9 


302882 


622 


386884 


240641848 


24.9399 


8.5362 


2.79379 


1.60772 


1954.1 


303858 


623 


388129 


241804367 


24.9600 


8.5408 


2.79449 


1.60514 


1957.2 


304836 


624 


389376 


242970624 


24.9800 


8.5453 


2.79618 


1.60256 


1960.4 


305815 


625 


39062a, 


244140625 


25.0000 


8.5499 


2.79588 


1.60000 


1963.5 


306796 


626 


391876 


245314376 


25.0200 


8.5544 


2.79657 


1.59744 


1966.6 


307779 


627 


393129 


246491883 


25.0400 


8.5590 


2.79727 


1.59490 


1969.8 


308763 


628 


394384 


247673152 


25.0599 


8.5635 


2.79796 


1.59236 


1972.9 


309748 


629 


395641 


248858189 


25.0799 


8.5681 


2.79865 


1.58983 


1976.1 


310736 


630 


396900 


250047000 


25.0998 


8.5726 


2.79934 


1.58730 


1979.2 


311725 


631 


398161 


251239591 


25.1197 


8.5772 


2.80003 


1.58479 


1982.3 


312715 


632 


399424 


252435968 


25.1396 


8.5817 


2.80072 


1.58228 


1985.5 


313707 


633 


400689 


253636137 


25.1595 


8.5862 


2.80140 


1.57978 


1988.6 


314700 


634 


401956 


254840104 


25.1794 


8.5907 


2.80209 


1.57729 


1991.8 


315696 


635 


403225 


256047875 


25.1992 


8.5952 


2.80277 


1.57480 


1994.9 


316692 


636 


404496 


257259456 


25.2190 


8.5997 


2.80346 


1.57233 


1998.1 


317690 


637 


405769 


258474853 


25.2389 


8.6043 


2.8d4l4 


1.56986 


2001.2 


318690 


638 


407044 


259694072 


25.2587 


8.6088 


2.80482 


1.56740 


2004.3 


319692 


639 


408321 


260917119 


25.2784 


8.6132 


2.80550 


1.56495 


2007.5 


320695 


640 


409600 


262144000 


25.2982 


8.6177 


2.80618 


1.56250 


2010.6 


321699 


641 


410881 


263374721 


25.3180 


8.6222 


2.80686 


1.56006 


2013.8 


322705 


642 


412164 


264609288 


25.3377 


8.6267 


2.80754 


1.55763 


2016.9 


323713 


643 


413449 


265847707 


25.3574 


8.6312 


2.80821 


1.55521 


2020.0 


324722 


644 


414736 


267089984 


25.3772 


8.6357 


2.80889 


1.55280 


2023.2 


325733 


645 


416025 


268336125 


25.3969 


8.6401 


2.80956 


1.55039 


2026.3 


326745 


646 


417316 


269586136 


25.4165 


8.6446 


2.81023 


1.54799 


2029.5 


327759 


647 


418609 


270840023 


25.4362 


8.6490 


2.81090 


1.54660 


2032.6 


328776 


648 


419904 


272097792 


25.4558 


8.6535 


2.81158 


1.54321 


2035.8 


329792 


649 


421201 


273359449 


25.4755 


8.6579 


2.81224 


1.54083 


2038.9 


330810 
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Functions op Numbers, 650 to 699 


No. 

• 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No.=Diameter 


Circum. 


Area 


650 


422500 


274625000 


25.4951 


8.6624 


2.81291 


1.53846 


2042.0 


331831 


651 


423801 


275894451 


25.5147 


8.6668 


2.81358 


1.63610 


2045.2 


332853 


652 


425104 


277167808 


25.5343 


8.6713 


2.81425 


1.53374 


2048.3 


333876 


653 


426409 


278445077 


25.5539 


8.6757 


2.81491 


1.53139 


2051.5 


334901 


654 


427716 


279726264 


25.5734 


8.6801 


2.81558 


1.52905 


2054.6 


335927 


655 


429025 


281011375 


25.5930 


8.6845 


2.81624 


1.52672 


2057.7 


336955 


656 


430336 


282300416 


25.6125 


8.6890 


2.81690 


1.52439 


2060.9 


337985 


657 


431649 


283593393 


25.6320 


8.6934 


2.81757 


1.52207 


2064.0 


339016 


658 


432964 


284890312 


25.6515 


8.6978 


2.81823 


1.51976 


2067.2 


340049 


659 


434281 


286191179 


25.6710 


8.7022 


2.81889 


1.51745 


2070.3 


341084 


660 


435600 


287496000 


25.6905 


8.7066 


2.81954 


1.51515 


2073.5 


342119 


661 


<36921 


288804781 


25.7099 


8.7110 


2.82020 


1.51286 


2076.6 


343157 


662 


438244 


290117528 


25.7294 


8.7154 


2.82086 


1.51057 


2079.7 


344196 


663 


439569 


291434247 


25.7488 


8.7198 


2.82151 


1.50830 


2082.9 


345237 


664 


440896 


292754944 


25.7682 


8.7241 


2.82217 


1.50602 


2086.0 


346279 


665 


442225 


294079625 


25.7876 


8.7285 


2.82282 


1.50376 


2089.2 


347323 


666 


443556 


295408296 


25.8070 


8.7329 


2.82347 


1.50150 


2092.3 


348368 


667 


444889 


296740963 


25.8263 


8.7373 


2.82413 


1.49925 


2095.4 


349415 


668 


446224 


298077632 


25.8457 


8.7416 


2.82478 


1.49701 


2098.6 


350464 


669 


447561 


299418309 


25.8650 


8.7460 


2.82543 


1.49477 


2101.7 


351514 


670 


448900 


300763000 


25.8844 


8.7503 


2.82607 


1.49254 


2104.9 


352565 


671 


450241 


302111711 


25.9037 


8.7547 


2.82672 


1.49031 


2108.0 


353618 


672 


461584 


303464448 


25.9230 


8.7590 


2.82737 


1.48810 


2111.2 


354673 


673 


452929 


304821217 


25.9422 


8.7634 


2.82082 


1.48588 


2114.3 


355730 


674 


454276 


306182024 


25.9615 


8.7677 


2.82866 


1.48368 


2117.4 


356788 


675 


455625 


307546875 


25.9808 


8.7721 


2.82930 


1.48148 


2120.6 


357847 


676 


456976 


308915776 


26.0000 


8.7764 


2.82995 


1.47929 


2123.7 


368908 


677 


458329 


310288733 


26.0192 


8.7807 


2.83059 


1.47710 


2126.9 


359971 


678 


459684 


311665752 


26.0384 


8.7850 


2.83123 


1.47493 


2130.0 


361035 


679 


461041 


313046839 


26.0576 


8.7893 


2.83187 


1.47275 


2133.1 


362101 


680 


462400 


314432000 


26.0768 


8.7937 


2.83251 


1.47059 


2136.3 


363168 


681 


463761 


315821241 


26.0960 


8.7980 


2.83315 


1.46843 


2139.4 


364237 


682 


465124 


317214568 


26.1151 


8.8023 


2.83378 


1.46628 


2142.6 


365308 


683 


466489 


318611987 


26.1343 


8.8066 


2.83442 


1.46413 


2145.7 


366380 


684 


467856 


320013504 


26.1534 


8.8109 


2.83506 


1.46199 


2148.8 


367453 


685 


469225 


321419125 


26.1725 


8.8152 


2.83569 


1.45985 


2152.0 


368528 


686 


470596 


322828856 


26.1916 


8.8194 


2.83632 


1.45773 


2155.1 


369605 


687 


471969 


324242703 


26.2107 


8.8237 


2.83696 


1.46660 


2158.3 


370684 


688 


473344 


325660672 


26.2298 


8.8280 


2.83759 


1.45349 


2161.4 


371764 


689 


474721 


327082769 


26.2488 


8.8323 


2.83822 


1.45138 


2164.6 


372845 


690 


476100 


328509000 


26.2679 


8.8366 


2.83885 


1.44928 


2167.7 


373928 


691 


477481 


329939371 


26.2869 


8.8408 


2.83948 


1.44718 


2170.8 


375013 


692 


478864 


331373888 


26.3059 


8.8451 


2.84011 


1.44609 


2174.0 


376099 


693 


480249 


332812557 


26.3249 


8.8493 


2.84073 


1.44300 


2177.1 


377187 


694 


481636 


334255384 


26.3439 


8.8536 


2.84136 


1.44092 


2180.3 


378276 


695 


483025 


335702375 


26.3629 


8.8578 


2.84198 


1.43885 


2183.4 


379367 


696 


484416 


337153536 


26.3818 


8.8621 


2.84261 


1.43678 


2186.5 


380459 


697 


485809 


338608873 


26.4008 


8.8663 


2.84323 


1.43472 


2189.7 


381553 


698 


487204 


340068392 


26.4197 


8.8706 


2.84386 


1.43266 


2192.8 


382649 


699 


488601 


341532099 1 26.4386 


8.8748 


2.84448 1.43062) 


2196.0 


383746 
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Functions of Numbers, 700 to 749 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No.:^Diamoter 


Circum. 


Area 


700 


490000 


343000000 


26.4576 


8.8790 


2.84510 


1.42857 


2199.1 


384845 


701 


491401 


344472101 


26.4764 


8.8833 


2.84572 


1.42653 


2202.3 


385945 


702 


492804 


345948408 


26.4953 


8.8876 


2.84634 


1.42450 


2205.4 


387047 


703 


494209 


347428927 


26.5141 


8.8917 


2.84696 


1.42248 


2208.5 


388151 


704 


495616 


348913664 


26.5330 


8.8959 


2.84757 


1.42045 


2211.7 


389256 


705 


497025 


350402625 


26.5518 


8.9001 


2.84819 


1.41844 


2214.8 


390363 


706 


498436 


351895816 


26.5707 


8.9043 


2.84880 


1.41643 


2218.0 


391471 


707 


499849 


353393243 


26.5^95 


8.9085 


2.84942 


1.41443 


2221.1 


392580 


708 


501264 


354894912 


26.6083 


8.9127 


2.85003 


1.41243 


2224.2 


393692 


709 


602681 


356400829 


26.6271 


8.9169 


2.86066 


1.41044 


2227.4 


394805 


710 


504100 


357911000 


26.6458 


8.9211 


2.85126 


1.40845 


2230.6 


395919 


711 


505521 


359425431 


26.6646 


8.9253 


2.85187 


1.40647 


2233.7 


397035 


712 


506944 


360944128 


26.6833 


8.9296 


2.85248 


1.40449 


2236.8 


398153 


713 


508369 


362467097 


26.7021 


8.9337 


2.85309 


1.40252 


2240.0 


399272 


714 


509796 


363994344 


26.7208 


8.9378 


2.85370 


1.40056 


2243.1 


400393 


716 


511225 


365525875 


26.7395 


8.9420 


2.85431 


1.39860 


2246.2 


401516 


716 


512656 


367061696 


26.7582 


8.9462 


2.85491 


1.39665 


2249.4 


402639 


717 


514089 


368601813 


26.7769 


8.9503 


2.85552 


1.39470 


2252.5 


403765 


718 


515524 


370146232 


26.7955 


8.9546 


2.85612 


1.39276 


2255.7 


404892 


719 


616961 


371694969 


26.8142 


8.9687 


2.86673 


1.39082 


.2268.8 


406020 


720 


518400 


373248000 


26.8328 


8.9628 


2.86733 


1.38889 


2261.9 


407150 


721 


519841 


374805361 


26.8514 


8.9670 


2.85794 


1.38696 


2265.1 


408282 


722 


521284 


376367048 


26.8701 


8.9711 


2.85854 


1.38504 


2268.2 


409415 


723 


522729 


377933067 


26.8887 


8.9752 


2.85914 


1.38313 


2271.4 


410550 


724 


524176 


379503424 


26.9072 


8.9794 


2.85974 


1.38122 


2274.5 


411687 


726 


525625 


381078125 


26.9258 


8.9835 


2.86034 


1.37931 


2277.7 


412826 


726 


527076 


382657176 


26.9444 


8.9876 


2.86094 


1.37741 


2280.8 


413965 


727 


528529 


384240583 


26.9629 


8.9918 


2.86153 


1.37552 


2283.9 


415106 


728 


529984 


385828352 


26.9815 


8.9959 


2.86213 


1.37363 


2287.1 


416248 


729 


531441 


387420489 


27.0000 


9.0000 


2.86273 


1.37174 


2290.2 


417393 


730 


532900 


389017000 


27.0185 


9.0041 


2.86332 


1.36986 


2293.4 


418539 


731 


534361 


390617891 


27.0370 


9.0082 


2.86392 


1.36799 


2296.5 


419686 


732 


535824 


392223168 


27.0556 


9.0123 


2.86451 


1.36612 


2299.6 


420835 


733 


537289 


393832837 


27.0740 


9.0164 


2.86510 


1.36426 


2302.8 


421986 


734 


538756 


395446904 


27.0924 


9.0206 


2.86570 


1.36240 


2305.9 


423138 


735 


640225 


397065375 


27.1109 


9.0246 


2.86629 


1.36054 


2309.1 


424293 


736 


541696 


398688256 


27.1293 


9.0287 


2.86688 


1.35870 


2312.2 


425447 


737 


543169 


400315553 


27.1477 


9.0328 


2.86747 


1.35685 


2315.4 


426604 


738 


544644 


401947272 


27.1662 


9.0369 


2.86806 


1.35501 


2318.5 


427762 


73d 


546121 


403583419 


27.1846 


9.0410 


2.86864 


1.35318 


2321.6 


428922 


740 


547600 


405224000 


27.2029 


9.0450 


2.86923 


1.35135 


2324.8 


430084 


741 


549081 


406869021 


27.2213 


9.0491 


2.86982 


1.34953 


2327.9 


431247 


742 


550564 


408518488 


27.2397 


9.0532 


2.87040 


1.34771 


2331.1 


432412 


743 


552049 


410172407 


27.2580 


9.0572 


2.87099 


1.34590 


2334.2 


433578 


744 


553536 


411830784 


27.2764 


9.0613 


2.87157 


1.34409 


2337.3 


434746 


745 


555025 


413493625 


27.2947 


9.0654 


2.87216 


1.34228 


2340.6 


435916 


746 


556516 


415160936 


27.3130 


9.0694 


2.87274 


1.34048 


2343.6 


437087 


747 


558009 


416832723 


27.3313 


0.0735 


2.87332 


1.33869 


2346.8 


438259 


748 


559504 


418508992 


27.3496 


9.0775 


2.87390 


1.33690 


2349.9 


439433 


749 


661001 


420189749 


27.3679 9.0816 


2.87448 


1.33511 


2353.1 


440609 
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Functions of Numbers, 750 to 799 




No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. — ^Diameter 




Circuzn. 


Area 




750 


562500 


421876000 


27.3861 


9.0856 


2.87506 


1.33333 


2356.2 


441786 




751 


664001 


423564761 


27.4044 


9.0896 


2.87564 


1.33156 


2359.3 


442966 




752 


565504 


425269008 


27.4226 


9.0937 


2.87622 


1.32979 


2362.6 


444146 




753 


567009 


426967777 


27.4408 


9.0977 


2.87680 


1.32802 


2365.6 


445328 




754 


568516 


428661064 


27.4591 


9.1017 


2.87737 


1.32626 


2368.8 


446511 




755- 


670025 


430368876 


27.4773 


9.1067 


2.87796 


1.32450 


2371.9 


447697 




756 


571636 


432081216 


27.4956 


9.1098 


2.87852 


1.32276 


2376.0 


448883 




757 


673049 


433798093 


27.6136 


9.1138 


2.87910 


1.32100 


2378.2 


450072 




758 


674664 


436619612 


27.6318 


9.1178 


2.87967;' 


1.31926 


2381.3 


451262 




759 


576081 


437245479 


27.6600 


9.1218 


2.88024 


1.31752 


2384.6 


452453 




760 


677600 


438976000 


27.5681 


9.1268 


2.88081 


1.31579 


2387.6 


463646 




761 


679121 


440711081 


27.5862 


9.1298 


2.88138 


1.31406 


2390.8 


454841 




762 


680644 


442460728 


27.6043 


9.1338 


2.88196 


1.31234 


2393.9 


456037 




763 


682169 


444194947 


27.6226 


9.1378 


2.88252 


1.31062 


2397.0 


457234 




764 


683696 


445943744 


27.6406 


9.1418 


2.88309 


1.30890 


2400.2 


468434 


■ 


765 


685226 


447697126 


27.6586 


9.1458 


2.88366 


1.30719 


2403.3 


459636 




766 


686756 


449455096 


27.6767 


9.1498 


2.88423 


1.30548 


2406.6 


460837 




767 


688289 


451217663 


27.6948 


9.1537 


2.88480 


1.30378 


2409.6 


462041 




768 


689824 


462984832 


27.7128 


9.1577 


2.88536 


1.30208 


2412.7 


463247 




769 


691361 


464766609 


27.7308 


9.1617 


2.88693 


1.30039 


2416.9 


464454 




770 


692900 


466633000 


27.7489 


9.1667 


2.88649 


1.29870 


2419.0 


466663 




771 


694441 


458314011 


27.7669 


9.1696 


2.88706 


1.29702 


2422.2 


466873 




772 


695984 


460099648 


27.7849 


9.1736 


2.88762 


1.29534 


2425.3 


468086 




773 


697529 


461889917 


27.8029 


9.1776 


2.88818 


1.29366 


2428.6 


469298 




774 


699076 


463684824 


27.8209 


9.1816 


2.88874 


1.29199 


2431.6 


470613 




775 


600625 


465484376 


27.8388 


9.1856 


2.88930 


1.29032 


2434.7 


471730 




776 


602176 


467288676 


27.8568 


9.1894 


2.88986 


1.28866 


2437.9 


47^948 




777 


603729 


469097433 


27.8747 


9.1933 


2.89042 


1.28700 


2441.0 


474168 




778 


605284 


470910952 


27.8927 


9.1973 


2.89098 


1.28535 


2444.2 


476389 




779 


606841 


472729139 


27.9106 


9.2012 


2.89164 


1.28370 


2447.3 


476612 




780 


608400 


474662000 


27.9286 


9.2052 


2.89209 


1.28206 


2460.4 


477836 




781 


609961 


476379641 


27.9464 


9.2091 


2.89266 


1.28041 


2453.6 


479062 




782 


611624 


478211768 


27.9643 


9.2130 


2.89321 


1.27877 


2456.7 


480290 




783 


613089 


480048687 


27.9821 


9.2170 


2.89376 


1.27714 


2459.9 


481519 




784 


614666 


481890304 


28.0000 


9.2209 


2.89432 


1.27551 


2463.0 


482750 




786 


616226 


483736625 


28.0179 


9.2248 


2.89487 


1.27389 


2466.2 


483982 




786 


617796 


486687666 


28.0357 


9.2287 


2.89542 


1.27226 


2469.3 


486216 




787 


619369 


487443403 


28.0536 


9.2326 


2.89597 


1.27066 


2472.4 


486461 




788 


620944 


489303872 


28.0713 


9.2365 


2.89653 


1.26904 


2475.6 


487688 




789 


622621 


491169069 


28.0891 


9.2404 


2.89708 


1.26743 


2478.7 


488927 




790 


624100 


493039000 


28.1069 


9.2443 


2.89763 


1.26582 


2481.9 


490167 




791 


625681 


494913671 


28.1247 


9.2482 


2.89818 


1.26422 


2485.0 


491409 




792 


627264 


496793088 


28.1426 


9.2521 


2.89873 


1.26263 


2488.1 


492652 




793 


628849 


498677257 


28.1603 


9.2560 


2.89927 


1.26103 


2491.3 


493897 




794 


630436 


500666184 


28.1780 


9.2599 


2.89982 


1.25945 


2494.4 


495143 




795 


632025 


502459875 


28.1957 


9.2638 


2.90037 


1.25786 


2497.6 


496391 




796 


633616 


504358336 


28.2135 


9.2677 


2.90091 


1.25628 


2500.7 


497641 




797 


636209 


606261573 


23.2312 


9.2716 


2.90146 


1.25471 


2503.8 


498892 




798 


636804 


608169592 


28.2489 


9.2754 


2.90200 


1.25313 


2507.0 


500145 




799 


638401 


510082399 J 28.2666 


9.2793 


2.902551 1.2515612510.1 


601399 
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Functions op Numbers, 800 


TO 849 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No — ^Diameter 


Circum. 


Area 


800 


640000 


512000000 


28.2843 


9.2832 


2.90309 


1.26000 


2513.3 


602656 


801 


641601 


513922401 


28.3019 


9.2870 


2.90363 


1.24844 


2516.4 


603912 


802 


643204 


61684960S 


28.3196 


9.2909 


2.90417 


1.24688 


2619.6 


605171 


803 


644809 


517781627 


28.3373 


9.2948 


2.90472 


1.24533 


2522.7 


606432 


804 


646416 


519718464 


28.3549 


9.2986 


2.90626 


1.24378 


2525.8 


607694 


805 


648025 


521660125 


28.3725 


9.3025 


2.90580 


1.24224 


2529.0 


608958 


806 


649636 


523606616 


28.3901 


9.3063 


2.90634 


1.24069 


2532.1 


510223 


807 


651249 


525557943 


28.4077 


9.3102 


2.90687 


1.23916 


2535.3 


611490 


808 


652864 


527514112 


28.4253 


9.3140 


2.90741 


1.23762 


2538.4 


512758 


809 


654481 


529475129 


28.4429 


9.3179 


2.90795 


1.23609 


2541.6 


614028 


810 


656100 


531441000 


28.4605 


9.3217 


2.90849 


1.23467 


2544.7 


615300 


811 


657721 


633411731 


28.4781 


9.3255 


2.90902 


1.23305 


2547.8 


616573 


812 


659344 


635387328 


28.4956 


9.3294 


2.90956 


1.23153 


2561.0 


617848 


813 


660969 


637367797 


28.6132 


9.3332 


2.91009 


1.23001 


2554.1 


619124 


814 


662596 


639353144 


28.6307 


9.3370 


2.91062 


1.22850 


2557.3 


520402 


815 


664225 


641343375 


28.5482 


9.3408 


2.91116 


1.22699 


2560.4 


621681 


816 


665856 


543338496 


28.5657 


9.3447 


2.91169 


1.22649 


2563.5 


622962 


817 


667489 


645338513 


28.6832 


9.3485 


2.91222 


1.22399 


2566.7 


624245 


818 


669124 


647343432 


28.6007 


9.3523 


2.91275 


1.22249 


2569.8 


625529 


819 


670761 


649353259 


28.6182 


9.3661 


2.91328 


1.22100 


2573.0 


626814 


820 


672400 


661368000 


28.6356 


9.3599 


2.91381 


1.21951 


2676.1 


628102 


821 


674041 


653387661 


28.6531 


9.3637 


2.91434 


1.21803 


2579.2 


629391 


822 


675684 


655412248 


28.6705 


9.3675 


2.91487 


1.21655 


2582.4 


630681 


823 


677329 


657441767 


28.6880 


9.3713 


2.91540 


1.21507 


2585.6 


531973 


824 


678976 


659476224 


28.7054 


9.3751 


2.91593 


1.21359 


2588.7 


533267 


825 


680625 


661515625 


28.7228 


9.3789 


2.91645 


1.21212 


2591.8 


634562 


826 


682276 


563559976 


28.7402 


9.3827 


2.91698 


1.21065 


2595.0 


636868 


827 


683929 


666609283 


28.7676 


9 3865 


2.91751 


1.20919 


2598.1 


637157 


828 


685584 


667663552 


28.7750 


9.3902 


2.91803 


1.20773 


2601.2 


638456 


829 


687241 


669722789 


28.7924 


9.3940 


2.91855 


1.20627 


2604.4 


639768 


830 


688900 


671787000 


28.8097 


9.3978 


2.91908 


1.20482 


2607.5 


641061 


831 


690561 


673856191 


28.8271 


9.4016 


2.91960 


1.20337 


2610.7 


642366 


832 


692224 


675930368 


28.8444 


9.4053 


2.92012 


1.20192 


2613.8 


643671 


833 


693889 


678009537 


28.8617 


9.4091 


2.92065 


1.20048 


2616.9 


644979 


834 


695556 


680093704 


28.8791 


9.4129 


2.92117 


1.19904 


2620.1 


646288 


835 


697225 


682182875 


28.8964 


9.4166 


2.92169 


1.19760 


2623.2 


647699 


836 


698896 


684277056 


28.9137 


9.4204 


2.92221 


1.19617 


2626.4 


648912 


837 


700569 


686376253 


28.9310 


9.4241 


2.92273 


1.19474 


2629.6 


650226 


838 


702244 


688480472 


28.9482 


9.4279 


2.92324 


1.19332 


2632.7 


651541 


839 


703921 


690689719 


28.9655 


9.4316 


2.92376 


1.19190 


2635.8 


652868 


840 


706600 


692704000 


28.9828 


9.4354 


2.92428 


1.19048 


2638.9 


554177 


841 


707281 


694823321 


29.0000 


9.4391 


2.92480 


1.18906 


2642.1 


655497 


842 


708964 


696947688 


29.0172 


9.4429 


2.92531 


1.18765 


2645.2 


666819 


843 


710649 


699077107 


29.0345 


9.4466 


2.92583 


1.18624 


2648.4 


658142 


844 


712336 


601211584 


29.0517 


9.4503 


2.92634 


1.18483 


2651.5 


659467 


845 


714025 


603351125 


29.0689 


9.4541 


2.92686 


1.18343 


2654.6 


660794 


846 


715716 


605495736 


29.0861 


9.4578 


2.92737 


1.18203 


2657.8 


662122 


847 


717409 


607645423 


29.1033 


9.4615 


2.92788 


1.18064 


2660.9 


563452 


848 


719104 


609800192 


29.1204 


9.4652 


2.92840 


1.17925 


2664.1 


664783 


849 


720801 


611960049 29.13761 9.4690 


2.92891 


1.17786 


2667.2 


666110 
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Functions of Numbers, 850 to 899 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. = Diameter 


Circum. 


Area 


850 


722500 


614125000 


29.1548 


9.4727 


2.92942 


1.17647 


2670.4 


567450 


851 


724201 


616295051 


29.1719 


9.4764 


2.92993 


1.17509 


2673.5 


568786 


852 


725904 


618470208 


29.1890 


9.4801 


2.93044 


1.17371 


2676.6 


570124 


853 


727609 


620650477 


29.2062 


9.4838 


2.93095 


1.17233 


2679.8 


571463 


854 


729316 


622835864 


29.2233 


9.4875 


2.93146 


1.17096 


2682.9 


572803 


855 


731025 


625026375 


29.2404 


9.4912 


2.93197 


1.16959 


2686.1 


574146 


856 


732736 


627222016 


29.2575 


9.4949 


2.93247 


1.16822 


2689.2 


575490 


857 


734449 


629422793 


29.2746 


9.4986 


2.93298 


1.16686 


2692.3 


576835 


858 


736164 


631628712 


29.2916 


9.5023 


2.93349 


1.16550 


2695.5 


578182 


859 


737881 


633839779 


29.3087 


9.5060 


2.93399 


1.16414 


2698.6 


579530 


860 


739600 


636056000 


29.3258 


9.5097 


2.93450 


1.16279 


2701.8 


580880 


861 


741321 


638277381 


29.3428 


9.5134 


2.93500 


1.16144 


2704.9 


582232 


862 


743044 


640503928 


29.3598 


9.5171 


2.93551 


1.16009 


2708.1 


583585 


863 


744769 


642735647 


29.3769 


9.5207 


2.93601 


1.15875 


2711.2 


584940 


864 


746496 


644972544 


29.3939 


9.5244 


2.93651 


1.15741 


2714.3 


586297 


865 


748225 


647214625 


29.4109 


9.5281 


2.93702 


1.15607 


2717.5 


587655 


866 


749956 


649461896 


29.4279 


9.5317 


2.93752 


1.15473 


2720.6 


589014 


867 


751689 


651714363 


'29.4449 


9.5354 


2.93802 


1.15340 


2723.8 


590375 


868 


753424 


653972032 


29.4618 


9.6391 


2.93852 


1.15207 


2726.9 


591738 


869 


755161 


656234909 


29.4788 


9.5427 


2.93902 


1.15075 


2730.0 


593102 


870 


756900 


658503000 


29.4958 


9.5464 


2.93952 


1.14943 


2733.2 


594468 


871 


758641 


660776311 


29.5127 


9.5501 


2.94002 


1.14811 


2736.3 


595835 


872 


760384 


663054848 


29.5296 


9.5537 


2.94052 


1.14679 


2739.5 


597204 


873 


762129 


665338617 


29.5466 


9.5574 


2.94101 


1.14548 


2742.6 


598575 


874 


763876 


667627624 


29.5635 


9.5610 


2.94151 


1.14416 


2745.8 


599947 


875 


765625 


669921875 


29.5804 


9.5647 


2.94201 


1.14286 


2748.9 


601320 


876 


767376 


672221376 


29.5973 


9.5683 


2.94250 


1.14155 


2752.0 


602696 


877 


769129 


674526133 


29.6142 


9.5719 


2.94300 


1.14025 


2755.2 


604073 


878 


770884 


676836152 


29.6311 


9.5756 


2.94349 


1.13895 


2758.3 


605451 


879 


772641 


679151439 


29.6479 


9.5792 


2.94399 


1.13766 


2761.5 


606831 


880 


774400 


681472000 


29.6648 


9.5828 


2.94448 


1.13636 


2764.6 


608212 


881 


776161 


683797841 


29.6816 


9.5865 


2.94498 


1.13507 


2767.7 


609595 


882 


777924 


686128968 


29.6985 


9.5901 


2!,94547 


1.13379 


2770.9 


610980 


883 


779689 


688465387 


29.7153 


9.5937 


2.94596 


1.13250 


2774.0 


612366 


884 


781456 


690807104 


29.7321 


9.5973 


2.94645 


1.13122 


2777.2 


613754 


885 


783225 


693154125 


29.7489 


9.6010 


2.94694 


1.12994 


2780.3 


615143 


886 


784996 


695506456 


29.7658 


9.6046 


2.94743 


1.12867 


2783.5 


616534 


887 


786769 


697864103 


29.7825 


9.6082 


2.94792 


1.12740 


2786.6 


617927 


888 


788544 


700227072 


29.7993 


9.6118 


2.94841 


1.12613 


2789.7 


619321 


889 


790321 


702595369 


29.8161 


8.6154 


2.94890 


1.12486 


2792.9 


620717 


890 


792100 


704969000 


29.8329 


9.6190 


2.94939 


1.12360 


2796.0 


622114 


891 


793881 


707347971 


29.8496 


9.6226 


2.94988 


1.12233 


2799.2 


623513 


892 


795664 


709732288 


29.8664 


9.6262 


2.95036 


1.12108 


2802.3 


624913 


893 


797449 


712121957 


29.8831 


9.6298 


2.95085 


1.11982 


2805.4 


626316 


894 


799236 


714516984 


29.8998 


9.6334 


2.95134 


1.11857 


2808.6 


627718 


895 


801025 


716917375 


29.9166 


9.6370 


2.95182 


1.11732 


2811.7 


629124 


896 


802816 


719323136 


29.9333 


9.6406 


2.95231 


1.11607 


2814.9 


630530 


897 


804609 


721734273 


29.9500 


9.6442 


2.95279 


1.11483 


2818.0 


631938 


898 


806404 


724150792 


29.9666 


9.6477 


2.95328 


1.11359 


2821.2 


633348 


899 


808201 


726572699 


29.9833 


9.6513 


2.95376 


1.11235 


2824.3 


634760 
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No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No.=©iaTneter 


Circum. 


Area 


900 


810000 


729000000 


30.0000 


9.6549 


2.96424 


1.11111 


2827.4 


636173 


901 


811801 


731432701 


30.0167 


9.6585 


2.95472 


1.10988 


2830.6 


637587 


902 


813604 


733870808 


30.0333 


9.6620 


2.95521 


1.10865 


2833.7 


639003 


903 


815409 


736314327 


30.0500 


9.6656 


2.95569 


1.10742 


2836.9 


640421 


904 


817216 


738763264 


30.0666 


9.6692 


2.95617 


1.10619 


2840.0 


641840 


905 


819025 


741217625 


30.0832 


9.0727 


2.96665 


1.10497 


2843.1 


643261 


906 


820836 


743677416 


30.0998 


9.6763 


2.95713 


1.10375 


2846.3 


644683 


907 


822649 


746142643 


30.1164 


9.6799 


2.95761 


1.10254 


2849.4 


646107 


908 


824464- 


748613312 


30.1330 


9.6834 


2.95809 


1.10132 


2852.6 


647633 


909 


826281 


751089429 


30.1496 


9.6870 


2.95866 


1.10011 


2855.7 


648960 


910 


828100 


753571000 


30.1662 


9.6906 


2.96904 


1.09890 


2868.8 


650388 


911 


829921 


756058031 


30.1828 


9.6941 


2.95952 


1.09769 


2862.0 


651818 


912 


831744 


758550528 


30.1993 


9.6976 


2.95999 


1.09649 


2865.1 


653250 


913 


833569 


761048497 


30.2159 


9.7012 


2.96047 


1.09529 


2868.3 


654684 


914 


835396 


763551944 


30.2324 


9.7047 


2.96095 


1.09409 


2871.4 


656118 


915 


837225 


766060875 


30.2490 


9.7082 


2.96142 


1.09290 


2874.6 


657556 


916 


839056 


768575296 


30.2655 


9.7118 


2.96190 


1.09170 


2877.7 


658993 


917 


840889 


771095213 


30.2820 


9.7153 


2.96237 


1.09051 


2880.8 


660433 


918 


842724 


773620632 


30.2985 


9.7188 


2.96284 


1.08932 


2884.0 


661874 


919 


844561 


776151559 


30.3150 


9.7224 


2.96332 


1.08814 


2887.1 


663317 


920 


846400 


778688000 


30.3315 


9.7259 


2.96379 


1.08696 


2890.3 


664761 


921 


848241 


781229961 


30.3480 


9.7294 


2.96426 


1.08578 


2893.4 


666207 


922 


850084 


783777448 


30.3645 


9.7329 


2.96473 


1.08460 


2896.5 


667654 


923 


851929 


786330467 


30.3809 


9.7364 


2.96520 


1.08342 


2899.7 


669103 


924 


853776 


788889024 


30.3974 


9.7400 


2.96567 


1.08225 


2902.8 


670554 


925 


855626 


791453125 


30.4138 


9.7436 


2.96614 


1.08108 


2906.0 


672006 


926 


857476 


794022776 


30.4302 


9.7470 


2.96661 


1.07991 


2909.1 


673460 


927 


859329 


796597983 


30.4467 


9.7505 


2.96708 


1.07875 


2912.3 


674916 


928 


861184 


799178752 


30.4631 


9.7540 


2.96755 


1.07759 


2915.4 


676372 


929 


863041 


801765089 


30.4795 


9.7575 


2.96802 


1.07643 


2918.5 


677831 


930 


864900 


804357000 


30.4959 


9.7610 


2.96848 


1.07627 


2921.7 


679291 


931 


866761 


806964491 


30.5123 


9.7645 


2.96895 


1.07411 


2924.8 


680752 


932 


868624 


809557568 


30.5287 


9.7680 


2.96942 


1.07296 


2928.0 


682216 


933 


870489 


812166237 


30.5450 


9.7715 


2.96988 


1.07181 


2931.1 


683680 


934 


872356 


814780504 


30.5614 


9.7750 


2.97035 


1.07066 


2934.2 


685147 


935 


874225 


817400375 


30.5778 


9.7785 


2.97081 


1.06952 


2937.4 


686615 


936 


876096 


820025856 


30.5941 


9.7819 


2.97128 


1.06838 


2940.5 


688084 


937 


877969 


822656963 


30.6105 


9.7854 


2.97174 


1.06724 


2943.7 


689556 


938 


879844 


825293672 


30.6268 


9.7889 


2.97220 


1.06610 


2946.8 


691028 


939 


881721 


827936019 


30.6431 


9.7924 


2.97267 


1.06496 


2960.0 


692502 


940 


883600 


830584000 


30.6594 


9.7959 


2.97313 


1.06383 


2953.1 


693978 


941 


885481 


833237621 


30.6757 


9.7993 


2.97359 


1.06270 


2956.2 


695455 


942 


887364 


835896888 


30.6920 


9.8028 


2.97405 


1.06157 


2959.4 


696934 


943 


889249 


838561807 


30.7083 


9.8063 


2.97451 


1.06045 


2962.5 


698415 


944 


891136 


841232384 


30.7246 


9.8097 


2.97497 


1.05932 


2965.7 


699897 


945 


893025 


843908625 


30.7409 


9.8132 


2.97643 


1.05820 


2968.8 


701380 


946 


894916 


846590536 


30.7571 


9.8167 


2.97689 


1.05708 


2971.9 


702865 


947 


896809 


849278123 


30.7734 


9.8201 


2.97635 


1.05597 


2975.1 


704352 


948 


898704 


851971392 


30.7896 


9.8236 


2.97681 


1.05485 


2978.2 


705840 


949 


900601 


854670349 


30.8058 1 9.8270 


2.97727 


1.05374 


2981.4 


707330 
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1000 


No. := Diameter 


No. 


Square 


Cube 


Square 
Boot 


Cubic 
Root 


Logarithm 


z 
















Reciprocal 


Cireum. 


Area 


950 


902500 


857375000 


30.8221 


9.8305 


2.97772 


1.05263 


2984.6 


708822 


951 


904401 


860085351 


30.8383 


9.8339 


2.97818 


1.05152 


2987.7 


710315 


952 


906304 


862801408 


30.8545 


9.8374 


2.97864 


1.05042 


2990.8 


711809 


953 


908209 


866523177 


30.8707 


9.8408 


2.97909 


1.04932 


2993.9 


713306 


954 


9lbll6 


868250664 


30.8869 


9.8443 


2.97966 


1.04822 


2997.1 


714803 


955 


912025 


870983875 


30.9031 


9.8477 


2.98000 


1.04712 


3000.2 


716303 


956 


913936 


873722816 


30.9192 


9.8511 


2.98046 


1.04603 


3003.4 


717804 


957 


915849 


876467493 


30.9354 


9.8546 


2.98091 


1.04493 


3006.6 


719306 


958 


917764 


879217912 


30.9516 


9.8580 


2.98137 


1.04384 


3009.6 


720810 


959 


919681 


881974079 


30.9677 


9.8614 


2.98182 


1.04275 


3012.8 


722316 


960 


921600 


884736000 


30.9839 


9.8648 


2.98227 


1.04167 


3015.9 


723823 


961 


923521 


887503681 


31.0000 


9.8683 


2.98272 


1.04058 


3019.1 


725332 


962 


925444 


890277128 


31.0161 


9.8717 


2.98318 


1.03950 


3022.2 


726842 


963 


927369 


893056347 


31.0322 


9.8751 


2.98363 


1.03842 


3025.4 


728364 


964 


929296 


895841344 


31.0483 


9.8785 


2.98408 


1.03734 


3028.5 


729867 


965 


931225 


898632125 


31.0644 


9.8819 


2.98453 


1.03627 


3031.6 


731382 


966 


9331j56 
93^089 


901428696 


31.0805 


9.8854 


2.98498 


1.03520 


3034.8 


732899 


967 


904231063 


31.0966 


9.8888 


2.98643 


1.03413 


3037.9 


734417 


968 


937024 


907039232 


31.1127 


9.8922 


2.98588 


1.03306 


3041.1 


735937 


969 


938961 


909853209 


31.1288 


9.8956 


2.98632 


1.03199 


3044.2 


737458 


970 


940900 


912673000 


31.1448 


9.8990 


2.98677 


1.03093 


3047.3 


738981 


971 


942841 


915498611 


31.1609 


9.9024 


2.98722 


1.02987 


3050.5 


740606 


972 


944784 


918330048 


31.1769 


9.9058 


2.98767 


1.02881 


3053.6 


742032 


973 


946729 


921167317 


31.1929 


9.9092 


2.98811 


1.02776 


3056.8 


743659 


974 


948676 


924010424 


31.2090 


9.9126 


2.98856 


1.02669 


3069.9 


746088 


975 


950625 


926859375 


31.2260 


9.9160 


2.98900 


1.02564 


3063.1 


746619 


976 


952576 


929714176 


31.2410 


9.9194 


2.98945 


1.02459 


3066.2 


748151 


977 


954529 


932574833 


31.2570 


9.9227 


2.98989 


1.02354 


3069.3 


749685 


978 


956484 


935441352 


31.2730 


9.9261 


2.99034 


1.02249 


3072.6 


751221 


979 


958441 


938313739 


31.2890 


9.9295 


2.99078 


1.02145 


3076.6 


752758 


980 


960400 


941192000 


31.3050 


9.9329 


2.99123 


1.02041 


3078.8 


754296 


981 


962361 


944076141 


31.3209 


9.9363 


2.99167 


1.01937 


3081.9 


756837 


982 


964324 


946966168 


31.3369 


9.9396 


2.99211 


1.01833 


3086.0 


767378 


983 


966289 


949862087 


31.3528 


9.9430 


2.99256 


1.01729 


3088.2 


758922 


984 


968256 


952763904 


31.3688 


9.9464 


2.99300 


1.01626 


3091.3 


760466 


985 


970225 


955671625 


31.3847 


9.9497 


2.99344 


1.01523 


3094.5 


762013 


986 


972196 


958585256 


31.4006 


9.9531 


2.99388 


1.01420 


3097;6 


763661 


987 


974169 


961504803 


31.4166 


9.9565 


2.99432 


1.01317 


3100.8 


765111 


988 


976144 


964430272 


31.4325 


9.9598 


2.99476 


1.01215 


3103.9 


766662 


989 


978121 


967361669 


31.4484 


9.9632 


2.99620 


1.01112 


3107.0 


768214 


990 


980100 


970299000 


31.4643 


9.9666 


2.99564 


1.01010 


3110.2 


769769 


991 


982081 


973242271 


31.4802 


9.9699 


2.99607 


1.00908 


3113.3 


771325 


992 


984064 


976191488 


31.4960 


9.9733 


2.996^1 


1.00806 


3116.6 


772882 


993 


986049 


979146657 


31.5119 


9.9766 


2.99695 


1.00705 


3119.6 


774441 


994 


988036 


982107784 


31.5278 


9.9800 


2.99739 


1.00604 


3122.7 


776002 


995 


990025 


985074875 


31.5436 


9.9833 


2.99782 


1.00503 


3125.9 


777564 


996 


992016 


988047936 


31.5595 


9.9866 


2.99826 


1.00402 


3129.0 


779128 


997 


994009 


991026973 


31.5753 


9.9900 


2.99870 


1.00301 


3132.2 


780693 


998 


996004 


994011992 


31.5911 


9.9933 


2.99913 


1.00200 


3136.3 


782260 


999 


998001 


997002999 


31.6070 


9.9967 


2.99967 


I.OOIGO 


3138.6 


783828 
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Natural Trigonometric Functions 




1 


SINES 


1 


0' 


10' 


20J 30' 40' 


50' 60' 





0.00000 


0.00291 


0.00582 


0.00873 


0.01164 


0.01454 


0.01745 


89 


1 


0.01745 


0.02036 


0.02327 


0.02618 


0.02908 


0.03199 


0.03490 


88 


2 


0.03490 


0.03781 


0.04071 


0.04362 


0.04653 


0.04943 


0.05234 


87. 


3 


0.05234 


0.05524 


0.05814 


0.06105 


0.06395 


0.06685 


0.06976 


86 


4 


0.06976 


0.07266 


0.07556 


0.07846 


0.08136 


0.08426 


0.08716 


85 


5 


0.08716 


0.09005 


0.09295 


0.09585 


0.09874 


0.10164 


0.10463 


84 


6 


0.10453 


0.10742 


0.11031 


0.11320 


0.11609 


0.11898 


0.12187 


83 


7 


0.12187 


0.12476 


0.12764 


0.13053 


0.13341 


0.13629 


0.13917 


82 


8 


0.13917 


0.14205 


0.14493 


0.14781 


0.16069 


0.15366 


0.15643 


81 





0.15643 


0.15931 


0.16218 


0.16505 


0.16792 


0.17078 


0.17365 


80 


10 


0.17365 


0.17651 


0.17937 


0.18224 


0.18509 


0.18795 


0.19081 


79 


11 


0.19081 


0.19366 


0.19652 


0.19937 
0.21644 


0.20222 


0.20507 


0.20791 


78 


12 


0.20791 


0.21076 


0.21360 


0.21928 


0.22212 


0.22495 


77 


13 


0.22495 


0.22778 


0.23062 


0.23345 
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0.24192 


76 
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0.24474 


0.24756 
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0.25882 
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0.27004 
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0.31178 
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0.34202 


70 


20 


0.34202 
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0.36650 
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0.37191 


0.37461 


68 
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0.37461 


0.37730 


0.37999 


0.38268 


0.38537 


0.38805 
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23 


0.39073 


0.39341 


0.39608 


0.39875 


0.40142 


0.40408 


0.40674 
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0.40674 


0.40939 


0.41204 


0.41469 


0.41734 
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0.42262 


66 
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0.42262 


0.42525 


0.42788 


0.43051 


0.43313 


0.43575 


0.43837 
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0.43837 


0.44098 


0.44359 


0.44620 


0.44880 


0.45140 


0.46399 


63 


27 


0.45399 


0.45658 


0.45917 


0.46175 


0.46433 


0.46690 


0.46947 


62 


28 


0.46947 


0.47204 


0.47460 


0.47716 


0.47971 


0.48226 


0.48481 


61 


29 


0.48481 


0.48735 


0.48989 


0.49242 


0.49495 


0.49748 
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60 
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0.50252 


0.60503 


0.50754 


0.51004 


0.61254 


0.61504 


69 
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0.51504 


0.51753 


0.52002 


0.52250 


0.52498 


0.52745 


0.52992 


68 


32 


0.52992 


0.53238 


0.53484 


0.53730 


0.53975 


0.54220 
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67 
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0.54951 
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0.59949 


0.60182 
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0.60414 


0.60645 


0.60876 
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39 


0.62932 
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0.63383 


0.63608 
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0.64279 
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0.64279 
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0.64723 


0.64945 


0.65166 


0.65386 
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49 


41 


0.65606 


0.65825 


0.66044 


0.66262 


0.66480 


0.66697 


0.66913 


48 
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0.67344 
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0.99979 
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0.99966 
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0.99939 


0.99929 


0.99917 


0.99905 


0.99892 
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0.99863 


0.99847 


0.99831 


0.99813 


0.99795 


0.99776 


0.99756 
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0.99756 


0.99736 


0.99714 


0.99692 
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0.99619 


0.99594 
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84 
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0.99421 
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83 
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0.99219 
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0.99027 


0.98986 


0.98944 
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0.98629 


0.98580 
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0.98430 
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0.98107 
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0.97992 


0.97934 
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0.97815 


0.97764 


0.97692 


0.97630 
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0.97502 
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77 
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0.97437 


0.97371 


0.97304 


0.97237 
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0.96887 
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0.96667 


0.96593 
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0.96440 
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0.96046 


0.95964 


0.95882 
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0.95545 


0.95459 


0.95372 
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0.95015 


0.94924 
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0.94552 


0.94457 


0.94361 


0.94264 
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0.94068 


0.93969 
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0.93969 


0.93869 
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0.93462 


0.93358 
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0.93358 


0.93253 


0.93148 


0.93042 


0.92935 


0.92627 


0.92718 
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0.92718 


0.92609 


0.92499 


0.92388 


0.92276 
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0.92050 
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0.92050 


0.91936 


0.91822 


0.91706 


0.91690 


0.91472 


0.91355 
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0.91355 


0.9^236 


0.91116 


0.90996 
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0.90631 
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0.90631 


0.90507 


0.90383 


0.90259 
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0.90007 


0.89879 
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0.89879 


0.89752 


0.89623 


0.89493 


0.89363 


0.89232 


0.89101 


63 
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0.89101 


0.88968 


0.88835 


0.88701 


0.88566 


0.88431 


0.88295 


62 
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0.88295 


0.88158 


0.88020 


0.87882 


0.87743 


0.87603 


0.87462 


61 
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0.87462 


0.87321 


0.87178 


0.87036 


0.86892 


0.86748 


0.86603 


60 
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0.86603 


0.86457 


0.86310 


0.86163 


0.86015 


0.85866 


0.85717 


59 
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0.84959 


0.84806 
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0.00291 
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0.01164 
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0.01746 
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0.02619 
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0.03492 
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0.03492 


0.03783 


0.04075 
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0.04658 


0.04949 


0.05241 
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0.05241 


0.05533 


0.05824 


0.06116 


0.06408 


0.06700 


0.06993 


86 
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0.06993 


0.07285 


0.07578 


0.07870 


0.08163 


0.08456 


0.08749 


85 
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0.08749 


0.09042 


0.09335 


0.09629 


0.09923 


0.10216 


0.10510 


84 
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0.10510 


0.10805 


0.11099 


0.11394 


0.11688 


0.11983 


0.12278 
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0.12278 


0.12574 
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0.13165 


0.13461 
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0.14054 
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0.14054 


0.14351 


0.14648 


0.14945 
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79 
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0.19438 


0.19740 


0.20042 


0.20345 


0.20648 
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0.21256 


78 
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0.21256 


0.21560 


0.21864 


0.22169 


0.22475 


0.22781 


0.23087 


77 


13 


0.23087 


0.23393 


0.23700 


0.24008 
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0.24624 


0.24933 


76 
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0.24933 


0.25242 


0.25552 


0.25862 
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0.26483 


0.26795 
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0.26795 


0.27107 


0.27419 


0.27732 


0.28046 


0.28360 


0.28675 


74 
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0.28675 


0.28990 


0.29305 


0.29621 


0.29938 


0.30255 


0.30573 
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0.30573 


0.30891 


0.31210 


0.31530 


0.31850 


0.32171 


0.32492 
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0.32492 


0.32814 


0.33136 
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0.33783 


0.34108 


0.34433 
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19 


0.34433 


0.34758 
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0.35412 


0.35740 


0.36068 


0.36397 
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0.36397 


0.36727 


0.37057 


0.37388 


0.37720 


0.38053 


0.38386 


69 
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0.38386 


0.38721 


0.39055 


0.39391 


0.39727 


0.40065 


0.40403 


68 


22 


0.40403 


0.40741 


0.41081 


0.41421 


0.41763 


0.42105 


0.42447 
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0.42447 


0.42791 


0.43136 


0.43481 


0.43828 


0.44175 


0.44523 
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0.44523 


0.44872 


0.45222 


0.45573 
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0.46985 
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0.48773 
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0.67348 
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0.58513 
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57.28996 


49.10388 
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38.1884634.36777 
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28.63625 


26.43160 


24.54176 


22.90377 


21.47040 


20.2055519.08114 
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19.08114 


18.07498 


17.16934 


16.34986115.60478 


14.92442 14.30067 


86 
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14.30067 


13.72674 


13.19688 


12.70621 


12.26051 


11.82617 


11.43005 


86 
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11.43005 


11.06943 


10.71191 


10.38540 


10.07803 


9.78817 


9.51436 


84 
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9.51436 


9.26630 


9.00983 


8.77689 


8.56655 


8.34496 


8.14435 


83 




7 


8.14435 


7.96302 


7.77035 


7.59575 


7.42871 


7.26873 


7.11637 


82 
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7.11637 


6.96823 


6.82694 


6.69116 


6.66055 


6.43484 


6.31375 


81 







6.31375 


6.19703 


6.08444 


6.97576 


6.87080 


6.76937 


6.67128 


80 
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5.67128 


6.57638 


6.48451 


6.39552 


5.30928 


5.22566 


6.14455 


79 
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5.14455 


6.06684 


4.98940 


4.91516 


4.84300 


4.77286 


4.70463 


78 
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4.70463 


4.63825 


4.57363 


••4.51071 


4.44942 


4.38969 


4.33148 


77 
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4.33148 


4.27471 


4.21933^ 4.16530 


4.11256 


4.06107 


4.01078 


76 




14 


4.01078 


3.96165 


3.913dr 3.86671 


3.82083 


3.77595 


3.73205 


76 
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3.73205 


3.68909 


3.647S 


3.60588 


3.66567 


3.52609 


3.48741 


74 
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3.48741 


3.44951 


3.41^ 


3.37594 


3.34023 


3.30521 


3.27085 


73 




17 


3.27085 


3.23714 


3.204m 


3.17159 


3.13972 


3.10842 


3.07768 


72 




18 


3.07768 


3.04749 


3.01713 


2.98869 


2.96004 


2.93189 


2.90421 


71 




19 


2.90421 


2.87700 


2.850E 


2.82391 


2.70802 


2.77254 


2.74748 


70 




20 


2.74748 


2.72281 


2.6985b 


2.67462 


2.66109 


2.62791 


2.60609 


69 




21 


2.60509 


2.68261 


2.56046 


2.53865 


2.61715 


2.49597 


2.47509 


68 




22 


2.47509 


2.45451 


2.43422 


2.41421 


2.39449 


2.37504 


2.35685 


67 




23 


2.35685 


2.33693 


2.31826 


2.29984 


2.28167 


2.26374 


2.24604 


66 




24 


2.24604 


2.22867 


2.21132 


2.19430 


2.17749 


2.16090 


2.14451 


66 
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2.14451 


2.12832 


2.11233 


2.09654 


2.08094 


2.06663 


2.06030 
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2.06030 


2.03526 
1.94858 


2.02039 


2.00569 


1.99116 


1.97680 


1.96261 


63 
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1.96261 


1.93470 


1.92098 


1.90741 


1.89400 


1.88073 


62 
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1.88073 


1.86760 


1.85462 


1.84177 


1.82907 


1.81649 


1.80405 


61 
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1.80405 


1.79174 


1.77965 


. 1-.76749 


1.76556 


1.74375 


1.73205 


60 




30 


1.73205 


1.72047 


1.70901 


1.69766 


1.68643 


1.67630 


1.66428 


69 




31 


1.66428 


1.65337 


1.64256 


1.63185 


1.62126 


1.61074 


1.60033 


68 




32 


1.60033 


1.59002 


1.67981 


1.56969 


1.66966 


1.54972 


1.53987 


67 




33 


1.53987 


1.53010 


1.52043 


1.51084 


1.60133 


1.49190 


1.48256 


66 




34 


1.48256 


1.47330 


1.46411 


1.45501 


1.44598 


1.43703 


1.42815 


65 




35 


1.42815 


1.41034 


1.41061 


1.40195 


1.39336 


1.38484 


1.37638 


64 




36 


1.37638 


1.36800 


1.35968 


1.35142 


1.34323 


1.33511 


1.32704 


63 




37 


1.32704 


1.31904 


1.31110 


1.30323 


1.29541 


1.28764 


1.27994 


52 




38 


1.27994 


1.27230 


1.26471 


1.25717 


1.24969 


1.24227 


1.23490 


61 




39 


1.23490 


1.22758 


1.22031 


1.21310 


1.20593 


1.19882 


1.19175 


60 




40 


1.19175 


1.18474 


1.17777 


1.17085 


1.16398 


1.15715 


1.15037 


49 




41 


1.15037 


1.14363 


1.13694 


1.13029 


1.12369 


1.11713 


1.11061 


48 




42 


1.11061 


1.10414 


1.09770 


1.09131 


1.08496 


1.07864 


1.07237 


47 




43 


1.07237 


1.06613 


1.05994 


1.05378 


1.047G6 


1.04158 


1.03553 


46 




44 


1.03553 


1.02952 


1.02355 


1.01761 


1.01170 


1.00583 


1.00000 


45 




! 


60' 


50' 


40' 


30' 


20' 


10' 


0' 


9 








TANGENTS 










1 
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CARNEQIE 


STEEL 


COMPANY 






Natural Trigonometric Functions 


1 


SECAM'i'S 


5 


0' 


10' 


20' 


30' 


40' 


50' 


60' 





1.00000 


1.00000 


1.00002 


1.00004 


1.00007 


1.00011 


1.00016 


89 


1 


1.00016 


1.00021 


1.00027 


1.00034 


1.00042 


1.00051 


1.00061 


88 


2 


1.00061 


1.00072 


1.00083 


1.00095 


1.00108 


1.00122 


1.00137 


87 


3 


1.00137 


1.00153 


1.00169 


1.00187 


1.00205 


1.00224 


1.00244 


86 . 


4 


1.00244 


1.00265 


1.00287 


1.00309 


1.00333 


1.00367 


1.00382 


86 


5 


1.00382 


1.00408 


1.00435 


1.00463 


1.00491 


1.00521 


1.00551 


84 


6 


1.00551 


1.00582 


1.00614 


1.00647 


1.00681 


1.00716 


1.00751 


83 


7 


1.00751 


1.00787 


1.00825 


1.00863 


1.00902 


1.00942 


1.00983 


82 


8 


1.00983 


1.01024 


1.01067 


1.01111 


1.01155 


1.01200 


1.01247 


81 


9 


1.01247 


1.01294 


1.01342 


1.01391 


1.01440 


1.01491 


1.01543 


80 


10 


1.01543 


1.01595 


1.01649 


1.01703 


1.01758 


1.01815 


1.01872 


79 


11 


1.01872 


1.01930 


1.01989 


1.02049 


1.02110 


1.02171 


1.02234 


78 


12 


1.02234 


1.02298 


1.02362 


1.02428 


1.02494 


1.02562 


1.02630 


77 


• 13 


1.02630 


1.02700 


1.02770 


1.02842 


1.02914 


1.02987 


1.03061 


76 


14 


1.03061 


1.03137 


1.03213 


1.03290 


1.03368 


1.03447 


1.03628 


76 


15 


1.03528 


1.03609 


1.03691 


1.03774 


1.03858 


1.03944 


1.04030 


74 


16 


1.04030 


1.04117 


1.04206 


1.04295 


1.04385 


1.04477 


1.04569 


73 


17 


1.04569 


1.04663 


1.04767 


1.04853 


1.04950 


1.05047 


1.05146 


72 


18 


1.05146 


1.05246 


i. 05347 


1.05449 


1.05552 


1.05657 


1.06762 


71 


19 


1.05762 


1.05869 


1.05976 


1.06085 


1.06195 


1.06306 


1.06418 


70 


20 


1.06418 


1.06531 


1.06645 


1.06761 


1.06878 


1.06995 


1.07116 


69 


21 


1.07115 


1.07235 


1.07366 


1.07479 


1.07602 


1.07727 


1.07853 


68 


22 


1.07853 


1.07981 


1.08109 


1.08239 


1.08370 


1.08503 


1.08636 


67 


23 


1.08636 


1.08771 


1.08907 


1.09044 


1.09183 


1.09323 


1.09464 


66 


24 


1.09464 


1.09606 


1.09750 


1.09895 


1.10041 


1.10189 


1.10338 


66 


25 


1.10338 


1.10488 


1.10640 


1.10793 


1.10947 


1.11103 


1.11260 


64 


26 


1.11260 


1.11419 


1.11579 


1.11740 


1.11903 


1.12067 


1.12233 


63 


27 


1.12233 


1.12400 


1.12568 


1.12738 


1.12910 


1.13083 


1.13257 


62 


28 


1.13257 


1.13433 


1.13610 


1.13789 


1.13970 


1.14152 


1.14335 


61 


29 


1.14335 


1.14521 


1.14707 


1.14896 


1.15085 


1.15277 


1.15470 


60 


30 


1.15470 


1.15665 


1.15861 


1.16059 


1.16259 


1.16460 


1.16663 


69 


31 


1.16663 


1.16868 


1.17075 


1.17283 


1.17493 


1.17704 


1.17918 


58 


32 


1.17918 


1.18133 


1.18350 


1.18569 


1.18790 


1.19012 


1.19236 


57 


33 


1.19236 


1.19463 


1.19691 


1.19920 


1,20>52 


1.20386 


1.20622 


66 


34 


1.20622 


1.20859 


1.21099 


1.21341 


1.21584 


1.21830 


1.22077 


55 


35 


1.22077 


1.22327 


1.22579 


1.22833 


1.23089 


1.23347 


1.23607 


54 


36 


1.23607 


1.23869 


1.24134 


1.24400 


1.24669 


1.24940 


1.26214 


63 


37 


1.25214 


1.25489 


1.25767 


1.26047 


1.26330 


1.26615 


1.26902 


62 


38 


1.26902 


1.27191 


1.27483 


1.27778 


1.28075 


1.28374 


1.28676 


61 


39 


1.28676 


1.28980 


1.29287 


1.29597 


1.29909 


1.30223 


1.30541 


60 


40 


1.30541 


1.30861 


1.31183 


1.31509 


1.31837 


1.32168 


1.32501 


49 


41 


1.32501 


1.32838 


1.33177 


1.33519 


1.33864 


1.34212 


1.34563 


48 


42 


1.34563 


1.34917 


1.35274 


1.35634 


1.35997 


1.36363 


1.36733 


47 


43 


1.36733 


1.37105 


1.37481 


1.37860 


1.38242 


1.38628 


1.39016 


46 


44 


1.39016 


1.39409 


1.39804 


1.40203 


1.40606 


1.41012 


1.41421 


46 


a 

1 


60' 


50' 


40' 


30' 


20' 


10' 


0' 


1 


COSECANTS 
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MATHEMATICAL TABLES 



Natural Trigonometric Functions 



1 


COSECAM'iV 


Z 


1 


0' 


10' 


20' 


30' 


40' 


50' 


60' 


1 





00 


343.77516 


171.88831 


114.69301 


86.94561 


68.76736 


67.29869 


89 


1 


57.29869 


49.11406 


42.97571 


38.20166 


34.38232 


31.26758 


28.66371 


88 


2 


28.66371 


26.45051 


24.66212 


22.92569 


21.49368 


20.23028 


19.10732 


87 


3 


19.10732 


18.10262 


17.19843 


16.38041 


16.63679 


14.96788 


14.33659 


86 


4 


14.33669 


13.76312 


13.23472 


12.74650 


12.29126 


11.86837 


11.47371 


85 


5 


11.47371 


11.10455 


10.76849 


10.43343 


10.12752 


9.83912 


9.56677 


84 


6 


9.56677 


9.30917 


9.06515 


8.83367 


8.61379 


8.40466 


8.20561 


83 


7 


8.20661 


8.01565 


7.83443 


7.66130 


7.49571 


7.33719 


7.18630 


82 


8 


7.18530 


7.03962 


6.89979 


6.76647 


6.63633 


6.51208 


6.39246 


81 


9 


6.39246 


6.27719 


6.16607 


6.06886 


6.95536 


6.86639 


6.76877 


80 


10 


5.76877 


6.66533 


5.57493 


5.48740 


5.40263 


5.32049 


5.24084 


79 


11 


6.24084 


6.16359 


6.08863 


6.01586 


4.94517 


4.87649 


4.80973 


78 


12 


4.80973 


4.74482 


4.68167 


4.62023 


4.66041 


4.50216 


4.44541 


77 


13 


4.44641 


4.39012 


4.33622 


4.28366 


4.23239 


4.18238 


4.13367 


76 


14 


4.13367 


4.08591 


4.03938 


3.99393 


3.94952 


3.90613 


3.86370 


76 


16 


3.86370 


3.82223 


3.78166 


3.74198 


3.70315 


3.66516 


3.62796 


74 


16 


3.62796 


3.59154 


3.56587 


3.52094 


3.48671 


3.45317 


3.42030 


73 


17 


3.42030 


3.38808 


3.36649 


3.32651 


3.29512 


3.26531 


3.23607 


72 


18 


3.23607 


3.20737 


3.17920 


3.15156 


3.12440 


3.09774 


3.07165 


71 


19 


3.07155 


3.04584 


3.02057 


2.99674 


2.97135 


2.94737 


;;^2380 
2.79043 


70 


20 


2.92380 


2.90063 


2.87786 


2.86545 


2.83342 


2.81176 


69 


21 


2.79043 


2.76946 


2.74881 


2.72850 


2.70861 


2.68884 


2.66947 


68 


22 


2.66947 


2.65040 


-<2:631fi2 
2.52474 


2.61313 


2.69491 


2.57698 


2.65930 


67 


23 


2.56930 


2.54190 


2.60784 


2.49119 


2.47477 


2.45859 


66 


24 


2.46869 


2.44264 


2.42692 


2.41142 


2.39614 


2.38107 


2.36620 


65 


25 


2.36620 


2.35154 


2.33708 


2.32282 


2.30875 


2.29487 


2.28117 


64 


26 


2.28117 


2.26766 


2.26432 


2.24116 


2.22817 


2.21535 


2.20269 


63 


27 


2.20269 


2.19019 


2.17786 


2.16668 


2.16366 


2.14178 


2.13005 


62 


28 


2.13005 


2.11847 


2.10704 


2.09574 


2.08458 


2.07356 


2.06267 


61 


29 


2.06267 


2.05191 


2.04128 


2.03077 


2.02039 


2.01014 


2.00000 


60 


30 


2.00000 


1.98998 


1.98008 


1.97029 


1.96062 


1.96106 


1.94160 


59 


31 


1.94160 


1.93226 


1.92302 


1.91388 


1.90486 


1.89591 


1.88709 


68 


32 


1.88708 


1.87834 


1.86970 


1.86116 


1.85271 


1.84436 


1.83608 


57 


33 


1.83608 


1.82790 


1.81981 


1.81180 


1.80388 


1.79604 


1.78829 


66 


34 


1.78829 


1.78062 


1.77303 


1.76652 


1.76808 


1.76073 


1.74345 


55 


35 


1.74345 


1.73624 


1.72911 


1.72205 


1.71606 


1.70815 


1.70130 


54 


36 


1.70130 


1.69462 


1.68782 


1.68117 


1.67460 


1.66809 


1..66164 


53 


37 


1.66164 


1.66526 


1.64894 


1.64268 


1.63648 


1.63036 


1.62427 


62 


38 


1.62427 


1.61826 


1.61229 


1.60639 


1.60054 


1.69475 


1.68902 


51 


39 


1.58902 


1.58333 


1.67771 


1.67213 


1.66661 


1.56114 


1.55572 


50 


40 


1.56572 


1.55036 


1.54504 


1.53977 


1.63466 


1.62938 


1.52425 


49 


41 


1.52425 


1.51918 


1.61415 


1.60916 


1.50422 


1.49933 


1.49448 


48 


42 


1.49448 


1.48967 


1.48491 


1.48019 


1.47561 


1.47087 


1.46628 


47 


43 


1.46628 


1.46173 


1.45721 


1.45274 


1.44831 


1.44391 


1.43966 


46 


44 


1.43956 


1.43524 


1.43096 


1.42672 


1.42251 


1.41835 


1.41421 


45 


I 


60' 


60' 


40' 


30' 


20' 


10' 
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CARNBQIB STBBL COMPANY 



BIRMINGHAM WIRE GAUGE 

Equivalents in Inches 

CORBESPONDINQ WEIGHTS OF FlAT RoLLED StEEL 



Gauge 


Thickness. 
Inches 


Pounds 

per 

Square Foot 


Thickness, Inches 


Pounda 


Number 


Fractional 


Decimal 


per 

Square Foot 


0000 
000 

• • • 

00 



.454 
.425 

• • • • 

.380 
.340 


18.6232 
17.34 

• •••••• 

16.504 
13.872 


H 

X 


.5 

.46875 

.4375 

.40625 

.375 

.34376 


20.4 

19.126 

17.86 

16.576 

16.3 

14.026 


1 

2 
3 

• • • • 

4 


.300 
.284 
.259 

• • • • 

.238 


12.24 

11.6872 

10.5672 

9.7164 




.3125 

.296875 

.28125 

.265625 

.25 

.234375 


12.76 
12.1125 
11.475 
10.8376 
10.2 
9.5625 


5 
6 
7 
8 


.220 
.203 
.180 
.165 


8.976 
8.2824 
7.344 
6.732 




.21876 
.203126 
.1875 
.171875 


8.925 
8.2876 
7.65 
7.0125 



10 
11 
12 


.148 
.134 
.120 
.109 


6.0384 
5.4672 
4.896 
4.4472 


1^ 


.15625 
.140625 
.125 
.109375 


6.376 
6.7375 
5.1 
4.4626 


13 
14 
15 
16 


.096 
.083 
.072 
.065 


3.876 
3.3864 
2.9376 
2.651 


• • 


.09375 
.078125 

.6626 


3.825 
3.1876 

'2*56*" 


17 
18 
19 


.058 
.049 
.042 
.035 

.032 
.028 
.025 
.022 


2.3664 
1.9992 
1.7136 
1.428 

1.3056 
1.1424 
1.02 
0.8976 


• • 

• • 

• • 

• • 


.046875" 


1.9126' 


20 






21 
22 
23 


.03125 
t 


1.275 


24 


• 




25 


.020 
.018 
.016 
.014 


0.816 
0.7344 
0.6528 
0.5712 


• • 

• • 






26 






27 

28 


.015626 


0.6376 


29 


.013 
.012 
.010 
.009 


0.5304 
0.4896 
0.408 
0.3672 


• • 

• • 

• • 




* 


30 






31 






32 






33 
34 


.008 
.007 
.005 
.004 


0.3264 
0.2856 
0.2040 
0.1632 


• • 

• ■ 


.0078125 


0.31876 


35 






36 


.00390625 


0.159375 



Unless otherwise specified, all ordos in gauges will be executed to Birmingham Wire Gauge. 
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MEASURES AND WEIGHTS 


* 


1 




UNITED STATES STANDARD GAUGE 












FOH 














Sheet ane 


► PiiATB Iron and Steel 




■ 


Gauge 
Number 


Thicknen 

in 
FYaetiona 
of anineh 


ThicknesB 

in 
Decimals 
of an Inch 


Approximate 
Thickness 

in 
Millimeitfs 


Weightper 

Square Foot, 

in Pounds, 

Iron 


Weightper 

Square Foot, 

in Pounds. 

Steel 


Weight ner 

Square Meter 

inKilogramr 

Steel 


0000000 

000000 

00000 


1 


.5 

.46875 

.4375 


12.70 
11.91 
11.11 


20. 

18.76 

17.60 


20.4 

19.126 

17.85 


99.601 
93.376 
87.151 




0000 

000 

00 




1 


.40625 
.375 
.34375 
.3125 


10.32 
9.63 
8.73 
7.94 


16.25 
16. 
13.76 
12.60 


16.675 
16.3 
14.025 
12.75 


80.926 
74.701 
68.476 
62.251 




1 

2 
3 
4 


it 


.28125 
.265625 
.25 
.234375 


7.14 
6.75 
6.35 
5.95 


11.25 
10.626 
10. 
9.375 


11.476 
10.8375 
10.2 
9.6625 


56.026 
62.913 
49.800 
46.688 




6 

1 6 
7 
8 


hi 


.21875 
.203125 
.1875 
.171875 


5.56 
6.16 
4.76 
4.37 


8.75 
8.125 
7.5 
6.875 


8.926 
8.2875 
7.66 
7.0125 


43.676 
40.463 
37.350 
34.238 




9 
10 
11 
12 


g 

s 


.15625 
.140625 
.125 
.109375 


3.97 
3.67 
3.18 
2.78 


6.25 
5.625 
6. 
4.376 


6.376 
6.7375 
6.1 
4.4626 


31.125 
28.013 
24.900 
21.788 




13 
14 
15 
16 




.09375 
.078125 
.0703125 
.0625 


2.38 
1.98 
1.79 
1.59 


3.76 
3.125 
2.8125 
2.5 


3.825 
3.1876 
2.86875 
2.65 


18.675 
15.663 
14.006 
12.460 


- 


17 
18 
19 
20 




.05625 
.06 

.04375 
.0375 


1.43 
1.27 
1.11 
0.963 


2.25 
2. 

1.76 
1.60 


2.295 
2.04 
1.785 
1.63 


11.205 
9.960 
8.715 
7.470 




21 
22 
23 
24 


I 


.034375 
.03125 
.028125 
.025 


0.873 
0.794 
0.714 
0.635 


1.375 
1.26 
1.125 
1. 


1.4026 
1.276 
1.1476 
1.02 


6.848 
6.226 
6.603 
4.980 




25 
26 
27 

28 




.021875 
.01875 
.0171875 
.015625 


0.666 
0.476 
0.437 
0.397 


.875 
.76 
.6876 
.625 


.8926 
.766 
.70126 
i6376 


4.368 
3.735 
3.424 
3.113 




29 
30 
31 
32 




.0140625 
.0125 
.0109375 
.01016625 


0.367 
0.318 
0.278 
0.258 


.6625 
.5 

.4376 
.40625 


.57376 
.61 

.44626 
.414376 


2.801 
2.490 
2.179 
2.023 




33 
34 
35 
36 


3§5 


.009375 
.00859376 
.0078125 
.00703125 


0.238 
0.218 
0.198 
0.179 


.375 
.34376 
.3126 
.28126 


.3826 
.350626 
.31876 
.286876 


1.868 
1.712 
1.666 
1.401 




37 
38 


1 


.006640626 
.00625 


0.169 
0.169 


.266626 
.26 


.2709376 
.256 


1.323 

1.245 




Unless 


otherwise q 


pecififid,allorde] 


rs in gauges y 


nil be executed 1 


io Birmingham ^ 


Vire Gauge. 
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CARNBQIS STBEL COMPANY 
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STANDARD GAUGES 
CoiiPABATiVE Table 



III 



►J 

ill 
ri 



1 



MEASURES AND WEIQHTS 



DECIMAL OF AN INCH AND OF A FOOT 


Fractions 

of 

Tnch or Foot 


Inch Equiva- 
lents to Foot 
Fractions 


Fractions 

of 

Inch or Foot 


Inch Equiva- 
lents to Foot 
Fractions 


Fractions 

of 

Inch or Foot 


Inch Equiva- 
lents to Foot 
Fractions 


Fractions 

of 

Inch or Foot 


Inch Equiva- 
lents to Foot 
Fractions 




.0052 
.0104 


^ 




.2552 
.2604 


3H 




.5052 
.5104 


6,V 
6H 




.7562 
.7604 


^ 


^ 


.016625 

.0208 

.0260 


% 

A 


11 


.265625 

.2708 

.2760 


3A 
3M 
3A 


li 


.515625 

.5208 

.6260 


6i1r 


n 


.765626 

.7708 

.7760 


9A 


A 


.03125 

.0365 

.0417 




A 


.28125 

.2865 

.2917 




H 


.63125 

.6365 

.5417 


6H 


IS 


.78125 

.7866 

.7917 


9H 

1% 


1P4 


.046875 

.0521 

.0673 




n 


.296875 

.3021 

.3073 


3A 

3^8 

3i4 


it 


.546876 

.5621 

.6573 


6A 


n 


.796875 

.8021 

.8073 




^ 


.0625 
.0677 
.0729 




i"b 


.3125 
.3177 
.3229 


3H 


^ 

tf 


.6625 
.6677 
.5729 


1% 


u 


.8125 

.8177 
.8229 




A 


.078125 

.0833 

.0885 


1 


%\ 


.328125 

.3333 

.3385 


3ig 
4 

4i^ 


n 


.578126 

.6833 

.5885 


fit 


II 


.828125 

.8333 

.8385 


9i| 

10 


^ 


.09375 

.0990 

.1042 


li=« 


\h 


.34376 

.3490 

.3542 


4H 
4H 


i§ 


.59376 

.5990 

.6042 


7A 
7M 


li 


.84375 

.8490 

.8542 


10 H 


A 


.109375 

.1146 

.1198 


1% 
ii^ 


%i 


.369375 

.3646 

.3698 


4A 
4A 


«2 


.609376 

.6146 

.6198 


7M 
7j\ 


IS 


.859376 

.8646 

.8698 


lOi^, 


yi 


.1260 
.1302 
.1364 


iH 


% 


.3750 
.3802 
.3864 


4H 
4i^ 
4H 


^ 


.6250 
.6302 
.6354 


7H 
7A 
7M 


H 


.8750 
.8802 

.8864 


10 H 


A 


.140625 

.1458 

.1510 


Hi 


If 


.390625 

.3958 

.4010 


4ii 

4^ 

4ig 


«i 


.640625 

.6458 

.6510 


7H 
7M 
7il 


n 


.890625 

.8958 

.9010 


lOH 


^ 


.15625 

.1615 

.1667 




ii 


.40625 

.4115 

.4167 


4^ 
4i| 
5 


u 


.65625 

.6615 

.6667 


7Ji 


u 


.90625 

.9115 

.9167 


10% 
lOii 

11 


i\ 


.171875 

.1771 

.1823 




SI 


.421875 

.4271 

.4323 


5iV 
5H 
6,^ 


n 


.671875 

.6771 

.6823 


1% 

8A 


II 


.921876 

.9271 

.9323 


llA 


-h 


.1875 
.1927 
.1979 


2M 


x\ 


.4375 
.4427 
.4479 


5M 
5H 


u 


.6875 
.6927 
.6979 


8A 
8^ 


ii 


.9376 
.9427 
.9479 


llM 


li 


.203126 

.2083 

.2135 


2t\ 
2J^ 
2A 


n 


.453125 

.4583 

.4635 


6,P« 


u 


.703125 

.7083 

.7135 


8x^8 

8>i 
8A 


li 


.963126 

.9583 

.9636 


lliV 


h 


.21876 

.2240 

.2292 


2H 
214 

2H 


iS 


.46875 

.4740 

.4792 




n 


.71875 

.7240 

.7292 


8^ 

8a 

8M 


u 


.96876 

.9740 

.9792 


llH 


l\ 


.234375 

.2396 

.2448 


2U 

2% 
2i| 


li 


.484375 

.4896 

.4948 


511 
5K 
61 § 


n 


.734376 

.7396 

.7448 


811 
8iS 


12, 


.984376 

.9896 

.9948 


in 

mi 


% 


.2600 


3 


H 


.6000 


6 


H 


.7500 


9 


1 


1.0000 


12 
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American Bridsre Co . . . 
A. S. for TeBtins Maris. 



Anchors 
Aaffles. . 



Angles, Back to Back 

Angle Columns 

Arches, Floor Arches • 



Band Edge Flats 
Bars- • 



Bases for Columns 



SUBJECT INDEX 

Paob 

specifications for steel structures 126-132 

standard specifications 25-35 

boiler and fire box steel 25-28 

boiler rivet steel 29-31 

nickel steel 20-24 

reinforcing bars, steel 32-35 

structural steel for bridges 4-9 

•• •* buildings 10-14 

•* " ships 15-19 

standard wall and pier anchors 209 

elements of sections 139, 146-151 

formulas for elements 139 

profiles, dimensions and weights 62-69 

safe loads, explanatory notes 176 

safe load tables 200-204 

standard connections 207 

structural details for punching and riveting. 212-214 

tension values 220-222 

radii of gyration 141, 164-166 

see Columns, Steel 

explanatory notes 286-288 

terra cotta, safe load tables and weights ■ 289-292 

circles, diameters 1 to 999 .' . 360-379 

circular segments i 354-357 

method of increasing sectional areas 37 

net areas of angles 220-222 

plane figures 351 

rectangular sections 86-88 

reduction of area for rivet holes 214 

square and round bars 92, 93 

structural shapes 142-159 

surface of solids 358, 359 

list of sizes 84 

cold twisted square bars, sizes and weights 94 

concrete reinforcement bars, sizes and weights 94-;i02 

eye bars, sizes and dimensions 118 

hanger bars, sizes and weights 101, 102 

lattice bars, dimensions for columns 130 

merchant bars, list of sizes 84, 85 

rounds and squares, weights and areas 92, 93 

splice bars, profiles, dimensions and weights . . 106, 107 
standard test bars, see A. S. T. M. Specifications 4-35 

tension values, roimds and squares 223 

upset screw ends, sizes and dimensions 116, 117 

standard design, mill and office buildings 277-279 
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INDEX 

Paos 
see H-Beams 

bending moments, tables 183, 184 

common dimensions 38 

details, connection angles 207 

*' bearing plates 210 

*' separators 208 

elements of sections 142, 143 

formulas for elements 138 

grillage, notes and calculations 224-228 

profiles, weights and dimensions 30-48 

safe loads, explanation of tables 176-182 

safe load tables 187-193 

web resistance, tables 183, 184 

safe load tables 256 

explanatory notes 229 

safe load tables 230, 231 

explanatory notes 167-169, 176-182 

bending stresses 167, 168 

buckling stresses 180. 181 

deflection, lateral 128, 168, 178 

vertical 172-177 

flexure formulas for various loading conditions. . 170-175 

impact stresses 178, 179 

shearing stresses, longitudinal and vertical. 168, 179, 180 

tensile and compressive stresses 168 

explanatory notes 210 

safe resistance 211 

standard for beams 210 

pins and rivets, explanatory notes 215 

pins, tables 218 

rivets, tables 216, 217 

explanatory notes 167 

beams, tables 183, 184 

channels, tables 185 

pins, tables 219 

various loading conditions, formulas 172-175 

see A. S. T. M. Spedflcations. , 25-35 

standard dimensions 112, 113 

screw threads, standard dimensions 112, 113 

weights, bolts with hexagon heads and nuts . . . 115 

weights, bolts with square heads and nute 114 

standard dimensions 112, 113 

weights 114. 115 

explanatory notes 300 

safe load table 300 

sizes and dimensions 301 

explanatory notes 180-182 

web resistance of beams and channels, tables . 183-185 

extract, building laws of various cities 284 

bulb angles, bulb beams 

angles, elements 156 

** profiles, weights and dimensions 51, 52 

beams, elements 156 

** profiles, weights and dimensions 50 
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Beam Colnnuui 
Beam Girders. . 



Bearing PlatM. . . 
Bearing Valiiee. . 
BendlBflT Moments 



Steel. 



Bolts 



Bolt Heads and Nats. 
Buckle Plates 

Buckling of Webs 

Building Laws 

Bulb Sectiomi 



CARNEQIE STEEL COMPANY 



Cast Iron CSolamns . . . . 



CeilinsTB 



Center of Grarity 

Channels, Shipbuilding. 



Channels, Stractinral. . • 



Channel Columns 
Checkered Plates. 



Circles 



Ciivular Plates . . . 
Circular Segments . 

Clevises 

Coefficients .....' 



Columns, Cast Iron . 



Columns, Steel 



Columns, Wood 



Concrete, Masonry . 



Concrete, Reinforced. 



Page 
allowable unit stresses 280 

hollow round and square, elements 162, 163 

safe loads 281,282 

deflection of plastered ceilings 176, 177 

weight of plastered ceilings 292 

" terra cotta ceilings 292 

see Neutral Axis 

elements of sections 146 

formulas for elements 138 

profiles, weights and dimensions 57-61 

bending moments, table 185 

conunon dimensions 38 

elements of sections 144 

formulas for elements 138 

profiles, weights and dimensions 53-61 

safe loads, explanation of tables 176-182 

safe load tables 195-199 

web resistance, table 185 

see Columns, Steel 

elements and safe loads 304 

profiles, weights and dimensions 81 

areas and circumferences, dia. 1 to 999 360-379 

properties of the circle 350 

extreme sizes 82, 83 

areas, tables of coefficients 354r-357 

sizes and weights 120 

circular segments 355-357 

deflection under uniform load 177 

expansion due to heat 337 

allowable unit stresses 280 

hollow round and square, elements 162, 163 

" safe loads 281, 282 

explanatory notes 251-253 

calculation of elements 140, 141 

** '* stresses 253 

compression formulas 254, 255 

elements, angle and plate columns 270-276 

'* channel and plate columns 257-269 

*' miscellaneous beam columns 256 

safe loads, angle and plate colimms 270-276 

" " channel and plate columns 257-269 

'* " miscellaneous beam columns 256 

typical details for mill and office buildings 277-279 

allowable unit stresses 327 

square and roimd, safe loads 328, 329 

strength, unit fiber stresses 336 

specific gravity and weight 331 

explanatory notes 293-297 

beams and slabs, formulas 293-296 

bending moments of slabs 298 

columns, formulas 296 

reinforcements, deformed bars 94-102 

roimd and square bars. .,',,... 92, 93 

triangle mesh 299 



•• 



•« 
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INDEX 



Pagx 
Compound Sectiomi calculation of elements 140, 141 

Coonection Ancles standard for beams 207 

Convenion Tables measures and weights 338-^49 

Cormsated Plates elements of sections 157 

profiles, weights and dimensions 81 

assembled sections, elements and safe loads. . 303 

Connismted Sheets explanatory notes 312 

sizes and weights 313 

Cotter PinB sizes and dimensions 122 

Cross Tie Sections elements of sections 155 

profiles, weights and dimensions 103 

safe load tables 194 

Cubes and Cube Roots. . numbers 1 to 999 360-379 

Decimal Table equivalents of an inch and of a foot 389 

Deflection, Lateral explanatory notes 168-178 

formula 128 

Deflection, Vertical. . . . explanatory notes 176 

coefficients, calculation and table 177 

coefficients for beams and channels . . 187-190, 194-197 

limit for plastered ceilings 176 

formulas for loading under various conditions . 172-175 

Dimensions common to beams and channels 38 

Elasticity elastic limit of substances 334-335 

modulus of elasticity of substances. . 170. 319, 334-336 

explanatory notes 133 

formulas 134-141 

structural shapes 142-166 

Equivalent Measures. . . metric and U. S. standard 338-^341 

Expansion, Heat table of coefficients 337 

Eye Bars sizes, dimensions and weights 118 



Elements of Sections. 



Fiber St r e sse s. 



Fireproof Floors. 
Flat Rolled Steel. 



Flexure of Beams . . 
Floor Construction 



Floor Plates. 



concrete, reinforced concrete 336 

masonry, stone 336 

metals, alloys 334, 335 

miscellaneous substances 336 

structural steel 126, 127, 335 

structural timber » 319 

see Floor Construction 283-299 

list of sizes 82-84 

tables of weights 89-91 

explanatory notes and formulas 167-175 

explanatory notes 283-288 

fireproof floor systems 285, 286 

live loads, various building laws 284 

reinforced concrete beams and slabs 293-299 

terra cotta arches, safe loads 289-291 

weights 292 

thrust in arches 286-288 

buckle plates 300-301 

checkered plates , . 304 

corrugated plates, assembled 303 

trough plates, assembled 302 
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Formulas. 



Paob 
bending moments, various loading conditions. 170-1 76 

deflection, various loading conditions 170-175 

elements of sections : 134-141 

geometric and trigonometric 350-363, 358, 359 

roof trusses, stresses and length of members. .308-311 

stresses in beams, bending 168-170 

*• " •* buckling. 180,181 

•• ** •• impact 179 

shearing 179. ISO 

stresses in columns, cast iron 280 

•* ■ " " structural steel 254,255 

structural timber 319 

stresses in bearing plates and steel slabs . . 210. 224, 225 

numbers 1 to 999 360-379 

trigonometric 380-385 



Functions 



specific gravity and weight 

Gauges comparative table of various gauges. 

Birmingham wire gauge 

United States standard gauge 



330 

388 

386 

387 

variation, i)ermissible in steel plates. . .8, 13, 18, 23, 27 

Girders explanatory notes 229 

angle and plate girders, safe loads 232-250 

beam and plate girders, safe loads 230, 231 

elements of comi>ound sectioaas 140, 141 

grillage foundations 227, 228 

GitoTity Lines see Neutral Axis 

Grarity, Specific various substances 330. 331 

Grillage Foundations . . explanatory notes and calculation 224-228 

Grips of Rivets length of field rivets 124 



beam safe load tables 

colimcm safe load tables 

elements of sections 

profiles, dimensions and weights 

Half Rounds list of sizes 

Hexagons list of sizes 



194 

256 

166 

49 

86 

86 

Hollow Sections roimds and squares, elements 162, 163 

cast iron columns, allowable unit stresses 280 

safe loads 281, 282 

I-Beams see Beams 

Impact Stresses effect on beams 178, 179 

Increase of Sections . . . method of rolling ., 87 

Inertia see Moment of Inertia 



Lateral Deflection. 



. . . explanatory notes 168-178 

formula 128 

Lattice Bars dimensions for columns 130 

Liquids coefficients of expansion 337 

specific gravity and weight 330 

Live Loads, Floors building laws of various cities 284 

Logarithms numbers 1 to 999 360-379 

Longitudinal Shear .... explanation and formula 179. 180 

Loop Rods sizes and dimensions 119 
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INDEX 



M aaonrj and Stone . 



Blaterimhi 



M oumrai and Weights. . 

Mensumtioii 

Metals and AllojrB 



Metric Tables 

MillBaUdlnsa 

Minerals 

Modulus of Elasticity. 
Moments of Inertia . . . 



Paob 
ooefflclents of expansion 337 

specific grayity and weight 331 

strength, unit fiber stresses 336 

coefficients of expansion 337 

specific gravity and weight 330-333 

strength, unit fiber stresses 334r-336 

equivalents of U. S. and metric 338-^41 

mathematical formulas 350-359 

coefficients of expansion 337 

specific gravity and weight 330 

strength, unit fiber stresses 334 

weights and measures 338-349 

typical details of columns 277 

specific gravity and weight 331 

various substances 170, 319. 334r^36 

definition 133 

formulas. 134-139 

structural shapes, tables 142-150 



Neutral Axis definition 133 

formulas 134-139 

structural shapes, tables 144-159 

Nuts dimensions and weights 112-115 

recessed pin nuts, sizes and dimensions 122 

sleeve nuts, sizes and dimensions 121 



Offiee Bnildlnss typical column details 278, 279 

Open Hearth Steel see A. S. T. M. Specifications 25-35 

Ordering Materials general instructions 36 



Piling, Steel Sheet. 



Pins. 



Pipe 

Plate Girders 

Plates, Floor Plates. . 



Plates, Sheared 

Plates, Universal Mill 
Plates, Wall Plates . . 
Profiles of Sections. . 
Punching 



Purlins 



. explanatory notes 314-316 

elements 157, 317 

profiles and sections 80, 317 

. explanatory notes 215 

bearing values, tables 218 

bending moments, tables 219 

cotter pins, sizes and dimensions 122 

nuts for pins, sizes and dimensions 122 

. black and galvanized 110, 111 

. see Gird^<s 

. buckle plates, explanatory notes and sizes. . . . 300, 301 

checkered plates, elements and safe loads 304 

*• •* proffies, weights, dimensions 81 

corrugated plates, elements and safe loads . . . .157, 303 

•* *• proffies, weights, dimensions 81 

trough plates, elements and safe loads 157, 302 

** *' proffies, weights, dimensions. .. . 81 

. rectangular and circular, extreme sizes 82, 83 

. rectangular, extreme sizes 83 

. see Bearing Plates 210, 211 

. dimensions and weights 39-81, 94-109 

. details for punching and riveting 212-214 

construction specifications 131 

. explanatory notes 307 
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Radios of Gyration . 



Rails, A. R. A. 



Rails, A. & C. E. 



Rails and Accessories 

Rail Clips 

Ratio of Slenderness . 



Paqb 
. . definition 133 

angles back to back, tables 164—166 

formulas' for elements of sections 134—141 

structural shapes, tables 142—159 

. . elements of sections 159 

profiles, weights and dimensions 105 

. . elements of sections 158 

profiles, weights and dimensions 104 

. . weights and dimensions 108 

. . profiles, dimensions and weights 109 

. . definition 251 

unit stresses for compression formulas 254 

. . numbers 1 to 999 360-379 

. . extreme sizes 82. 83 

. . areas 86-88 

moments of inertia 160, 161 

. . see Concrete, Reinforced 

. . construction specifications 129, 130 

details for punching and riveting 212-214 

. . areas of rivet holes 214 

conventional signs 212 

dimensions 123 

lengths for various grips 124 

shearing and bearing values 217 

stresses. 215 

structura details for riveting 212-214 

weights 125 

. . explanatory notes 306-307 

loads, snow and wind 305 

** live, building laws of various cities 284 

trusses, stresses and length of members 308-311 

weights, roof covering and roof trusses 306, 307 



Reciprocals 

Rectanffolar Plates . . 
Rectanffolar Sections . 

Reinforced Concrete . 
Rivetinff 



Rivets 



Roofs. 



Screw Threads. . 
Section Modulus 



Segments, Circular . . . . 

Separators 

Shear 

Sheared Plates 

Shearing Values, Rivets . 
Shipbuilding Channels . 

Skelp 

Sleeve Nuts 

Snow Loads 

Specific Gravity 

Square and Round Bam 
Square Edge Flats ..... 
Squares, Square Roots . 
Strength of Materials. . 

Stresses 

Spedflcations 



Franklin Institute, U. S. and A. B. Co. standards 112 

definition 133 

formulas 134-141 

structural shapes 142-169 

coefficients of areas. . . .' 366-367 

standard for beams 208 

see Beam Stresses 

extreme sizes 82, 83 

tables 216, 217 

see Channels, Shipbuilding 

list of sizes 84 

sizes and dimensions 121 

roofs and trusses 306 

various substances 330, 331 

area and weight 92, 03 

list of sizes 84 

numbers 1 to 999 360-379 

unit fiber stresses 334, 336 

see Beam Stresses 

American Bridge Company 126-132 

American Society for Testing Materials 4r-36 
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Terra Cotta ArcliM . 
Terra Cotta Material 
Threads 



Tlumst in Arches. 
Tie Rods. 



Hmher, Stmctoral 



Triangle Mesh 

Trigonometric Formulas 
TriflTonometric Functions 
Trouffh Plates 



Trasses, 



INDEX 

Paob 

elements of sections 152, 153 

profiles, weights and dimensions 70-77 

safe load tables 205 

see Arches 

arches, ceilings, furring, partition, roofing 292 

length 113 

standard dimensions of screw thread 112 

effect in floor construction 286-288 

length and weight 209 

resistance to thrust in floor arches 286-288 

spacing 288 

explanatory notes 318 

beams, deflections. Umittng loads and spans. . . 321 

•• notes , 320 

safe load tables 322-326 

coefficients of expansion . . : ' 337 

colimms, safe load tables 328. 329 

*' unit stresses 327 

specific gravity and weight 330 

imit stresses 319 

concrete reinforcement 299 

functions of angles and triangles 352, 353 

natural 380-385 

elements of sections 157 

profiles, weights and dimensions 81 

riveted sections, elements and safe loads 302 

explanatory notes 307 

stresses and length of members 308r-311 

weights of trusses 307 



Unit Stresses see Fiber Stresses 

Unirersal Mill Plates. . . extreme sizes -. . 83 

Upset Screw Ends square and round bars 116. 117 

Vertical Deflection see Deflection, Vertical 

Vertical Shear explanation 179 

formulas for various conditions of loading 171-175 

Volume and Surface . . . solids '. 358,. 359 



Warehouses weight of stored materials 332, 333 

Web Resistances beams and channels 183-185 

Weights flat rolled steel, tables 89-91 

rounds and squares 92, 93 

shapes 39-81, 94-109 

various substances 330-333 

metric and U. S. equivalents -.338-341 

buUdlng speciflcations of various cities 284 

roofs and trusses 305 

Wire and Sheet Metal . . standard gauges 386-388 

WoodenBeams, Columns see Timber, Structiu*al 320-329 



Weiffhts and Measures. 
Wind Loads, Pressure. 



ZeeBsrs. 



elements of sections 154 

profiles, weights and dimensions 78. 79 

safejoad tables 206 
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WORKS 



DuQUESNE Steel Works and Furnaces South Duquesne, Pa. 

Edgar Thomson Steel Works and Furnaces Bessemer, Pa. 

Homestead Steel Works. Munhall, Pa. 

Carrie Furnaces Rankin, Pa. 

Edith Furnace Pittsburgh, N. S., Pa. 

Isabella Furnaces Etna, Pa. 

Lucy Furnaces Pittsburgh, Pa. 

Neville Furnace Neville Island, Pa. 

Clark Mills Pittsburgh, Pa. 

McCuTCHEON Mills Pittsburgh, N. S., Pa. 

Painter Mills Pittsburgh, S. S., Pa. 

Lower Union Mills Pittsburgh, Pa. 

Upper Union Mills .Pittsburgh, Pa. 

Howard Axle Works Homestead, Pa. 

ScHOEN Steel Wheel Works McKees Rocks, Pa. 

Bellaire Steel Works and Furnaces Bellaire, O. 

Clairton Steel Works and Furnaces Clairton, Pa. 

Columbus Steel Works and Furnaces Columbus, O. 

Mingo Steel Works and Furnaces Mingo Junction, O. 

New Castle Steel Works and Furnaces .... New Castle, Pa. 

Ohio Steel Works and Furnaces Youngstown, O. 

Sharon Steel Works and Furnace .Sharon, Pa. 

Farrell Steel Works and Furnaces Farrell, Pa. 

Greenville Mills Greenville, Pa. 

MONESSEN Mills Monessen, Pa. 

Lower Union Mills Youngstown, O. 

Upper Union Mills Youngstown, O. 

NiLEs Furnace Niles, O. 

Steubenville Furnace Steuben ville, O. 

Zanesville Furnace Zanesville, O. 

Pittsburgh Warehouse Pittsburgh, Pa. 

Baltimore Warehouse Baltimore, Md. 

Cleveland Warehouse Cleveland, O. 

Waverlt Warehouses Waverly, N. J. 
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PRODUCTS 

Pia Iron and Furnace Products 

Ferro-Manganesb and Spieoel-eisen 

Open Hearth and Bessemer Steel, Allot Steels 

Ingots, Billets, Blooms, Slabs, and Sheet Bars 

Armor and Vault Plate 

Plates for Bridges, Ships, Tanks, Boilers, and Cars 

Rolled Structural Shapes 

Beams, Channels, Angles, Tees, and Zees 

Steel Mine Timbers and Steel Sheet Piling 

Bar Mill Products 

Concrete Reinforcement Bars, Agricultural Shapes 

Miscellaneous and Special Shapes 

Merchant Bars 

Squares, Rounds, Half Rounds, Hexagons, Ovals, Half Ovals 

Flats, Skelp, Bands, Hoops, Cotton Ties 

Hoops for Slack Barrel Cooperage 

Tire and Vehicle Spring Steel 

Track Material 

Rails and Splice Bars, Duquesne Rail Joints 

Track Accessories 

Steel Cross Ties 

forginos 

Axles, Wheels, Gear Blanks 

Connecting Rods, Crank Shafts, and Arch Bars 

Oil Derricks and Drilling Rigs 
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CARNEQIE STEEL COMPANY 



OFFICES 

GENERAL OFFICES: 

Pittsburgh, Carnegie Building. 

DISTRICT OFFICES: 

Birmingham, Brown-Marx Building, 

Boston, 120 Franklin Street, 

Buffalo, Marine National Bank Building, 

Chicago, 208 South La Salle Street, 

Cincinnati, Union Trust Building, 

Cleveland, Rockefeller Building, 

Denver, First National Bank Building, 

Detroit, Ford Building, 

New Orleans, Maison Blanche, 

New York, Hudson Terminal, 30 Church Street, 

Philadelphia, Pennsylvania Building, 

Pittsburgh, Carnegie Building, 

St. Louis, Third National Bank Building, 

St. Paul, Pioneer Building. 

EXPORT REPRESENTATIVES: 

UNITED STATES STEEL PRODUCTS CO., 

New York, Hudson Terminal, 30 Church Street. 
PACIFIC COAST REPRESENTATIVES: 

UNITED STATES STEEL PRODUCTS CO., PACIFIC COAST DEFT 
Los Angeles, Jackson Street and Central Avenue, 
Portland, Selling Building, 
San Francisco, Rialto Building, 
Seattle, 4th Ave. South and Connecticut Ave. 
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